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ABSTRACT 

The  Maestrichtian  biogeography  of  calcareous  nannoplankton  is 
investigated  in  order  to  characterize  paleoenvironmental  conditions  in  the 
marine  photic  zone  during  the  latest  Cretaceous.  Different  theories  explaining 
the  biospheric  turnover  at  the  Cretaceous/Paleocene  (K/P)  boundary  have 
alternatively  suggested  or  denied  substantial  environmental  perturbations 
during  the  last  ~500  ky  of  the  Cretaceous.  The  purpose  of  this  study  is  to 
determine  whether  evidence  from  calcareous  nannoplankton  supports  a 
gradual  (or  stepwise)  decline  of  the  photic  zone  environment  presaging  the 
K/P  boundary. 

In  order  to  achieve  this  goal  a  detailed  quantitative  study  of  the 
biogeography  of  calcareous  nannoplankton  was  carried  out  in  three  time 
slices  from  early  and  late  Maestrichtian.  Well  preserved  material  was 
investigated  from  five  sections;  Ocean  Drilling  Program  Site  690  in  the  Atlantic 
sector  of  the  Southern  Ocean  represents  the  Maestrichtian  high  southern 
nannoplankton  province.  Indian  Ocean  Sites  217  and  761,  South  Atlantic  Site 
528  and  the  land  based,  epicontinental  section  from  Millers  Ferry,  Alabama, 
represent  the  Maestrichtian  mid-/low  latitudinal  bioprovince.  Quantitative 
counts  were  performed  on  settling  slides  under  the  light  microscope. 
Occasionally  scanning  electron  microscopy  was  employed  to  resolve  taxonomic 
uncertainties. 

A  pronounced  turnover  from  early  to  late  Maestrichtian  occurred  in  the 
nannoplankton  in  high  southern  latitudes.  Numerous  taxa  (Biscutum  boletum. 
£..  coronum.  £..  dissimilis.  £..  magnum.  Misceomarginatus  spp.,  Monomareinatus 
spp.,  Neocrenidolithus  watkinsii.  Neohrolithus  corvstus.  QcioeycluA 
Phanulithus  obscurus.  PsvktosDhaera  liilhii,  and  Reinhardtites  spp.)  that  are 
restricted  to  (or  most  abundant  in)  high  southern  latitudes  became  extinct  in 
the  latest  early  and  earliest  late  Maestrichtian  (between  -72.4  and  70.4  Ma), 
resulting  in  a  loss  of  about  one  third  of  the  early  Maestrichtian 
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nannoplankton  (corresponding  to  ~20-25%  of  the  assemblage).  It  is  argued 
that  the  extinctions  are  not  a  consequence  of  temperature  changes  alone. 
Instead  they  may  be  a  consequence  of  increased  surface  water  fertility  (and 
only  secondarily  due  to  a  temperature  decrease). 

In  addition  to  the  extinctions,  about  another  third  of  all  taxa  present 
(Biscutum  constans.  £..  notaculum.  Biscutum  sp.  1,  Chiastozvgus  garrisonii.  C- 
amphipons.  Discorhabdus  ignolUS.  Rhombolithion  rhombicum.  Scapholithus 
fossilis.  Staurolithites  laffittei.  W^lznaugfia  barnesae.  Zveodiscus  comnactus. 
and  Z.-  diploerammusl  disappeared  from  high  southern  latitudes  during  the 
same  time  interval  (-72.4  and  70.4  Ma)  but  persisted  until  the  end  of  the 
Maestrichtian  in  lower  latitudes.  These  geographic  restrictions  are  interpreted 
as  a  consequence  of  global  cooling.  No  comparable  changes  were  recorded  in 
mid-  and  low  latitudes  in  the  early  Maestrichtian,  but  this  may  represent  an 
artifact  of  sampling. 

While  previous  speculations  on  the  paleoenvironmental  preferences  of 
some  nannofossil  taxa  have  been  confirmed,  several  commonly  accepted 
interpretations  of  the  biogeographic  significance  of  other  taxa  are 
contradicted.  Micula  staurophora  seems  to  be  a  warm  water  indicator  and 
abundance  peaks  of  this  species  cannot  be  attributed  exclusively  to  diagenetic 
effects.  The  biogeographic  evolution  of  the  high  latitude  taxon  Ahmuellerella 
octoradiata  does  not  correlate  with  temperature  trends  suggested  from  stable 
isotope  studies  implying  that  this  taxon  is  not  a  cold  water  indicator. 

Abundance  changes  of  other  high  latitude  taxa  (e.g.  Nephrnlithus  frequens. 
Cribrosohaerella?  daniae.  Kamotnerius  magnificus.  and  Gartneraeo  spp.) 
correlate  roughly  with  temperature  changes,  but  seem  to  respond  only  beyond 
a  certain  threshold. 

No  gradual  or  stepwise  extinctions  were  observed  during  the  last  500  ky 
of  the  Maestrichtian.  Environmental  perturbations  as  indicated  by  stable 
isotope  studies  (e.g.  warming  pulse,  circulation  changes)  led  to  abundance 
fluctuations  of  a  few  taxa,  but  did  not  result  in  any  extinctions.  This  supports 
previous  observations  that  the  extinctions  of  the  calcareous  nannoplankton  at 
the  K/P  boundary  were  not  presaged  during  the  Maestrichtian. 


Thesis  Supervisor:  Dr.  William  A.  Berggren,  Senior  Scientist 


6 


ACKNOWLEDGEMENTS 

My  thanks  go  first  and  foremost  to  my  parents  for  their  love  and 
support  during  my  studies  here  in  the  United  States. 

Special  thanks  go  to  the  members  of  my  thesis  committee,  particularly 
to  my  supervisors  Marie-Pierre  Aubry  and  Bill  Berggren  for  their 
inexhaustible  support  during  all  parts  of  my  graduate  studies.  This  thesis 
would  have  never  been  written  without  their  constant  scientific  and  personal 
advice,  encouragement,  and  help.  I  am  grateful  to  Dick  Norris  for  all  our 
discussions  on  scientific  as  well  as  personal  matters.  I  am  also  thankful  for  the 
advice  and  support  from  my  other  committee  members,  Ed  Boyle,  Lloyd 
Keigwin,  and  Pat  Lohmann. 

Discussions  with  Tim  Bralower  and  Steve  D'Hondt  have  helped  me  focus 
on  specific  research  questions;  their  advice  is  gratefully  acknowledged. 

Special  thanks  are  due  to  Rindy  Ostermann  for  helping  me  with  the  carbonate 
content  analyses.  Colleen  Hurter  and  the  library  staff  must  be  commended  for 
their  invaluable  help  in  tracking  down  hard-to-find  literature.  1  want  to 
thank  the  staff  at  the  Center  for  Data  Processing  of  the  University  of 
Agriculture  in  Vienna,  Austria,  for  their  help  with  various  statistical 
questions.  My  acknowlegements  also  go  to  the  staff  of  the  Core  Repositories  of 
the  Ocean  Drilling  Program  at  Lamont,  College  Station,  and  La  Jolla  for  their 
friendly  support  during  my  sampling  trips. 

I  thank  El  Uchupi  for  serving  on  a  moment’s  notice  as  chairman  at  my 
General  Examination,  and  for  his  continual  help  and  support  as  student 
advisor.  I  am  grateful  to  Jake  Peirson,  Abbie  Jackson,  and  Stella  Callagee  in  the 
Education  Office  for  their  help  in  all  matters  ranging  from  registration  and 
exhausted  student  accounts  to  technical  details  regarding  the  preparation  of 
this  document.  Thanks  are  also  due  to  Pam  Foster,  Roy  Smith  and  Janet  Johnson 
for  their  friendly  help. 

I  was  fortunate  to  have  met  friends  like  Mike  and  Danusia  Kaminski, 
Peter  Schweitzer,  Luc  Beaufort,  Bemward  and  Felicita  Hay,  Niall  Slowey,  JoAnn 
Muramoto,  Carol  Amosti,  and  Rick  Krishfield.  Special  thanks  go  to  my  office 
mate  of  the  last  two  years,  Javier  Escartin,  not  only  for  his  help  in 
programming,  but,  more  importantly,  for  his  companionship  and 
cheerfulness. 

Special  thanks  are  due  to  my  fiancee,  Lee  Goodell,  for  her  love,  patience 
and  understanding  during  periods  when  my  work  absorbed  me  completely.  1 
also  want  to  thank  her  parents  and  her  uncle's  family  for  their  warm 
hospitality. 

I  gratefully  acknowledge  receiving  a  Graduate  Research  Assistantship 
from  the  Woods  Hole  Oceanographic  Institution  during  most  of  my  tenure  in 
the  Joint  Program.  Additional  funding  from  the  following  sources  is  also 
appreciated:  a  travel  grant  from  the  Austrian-American  Educational 
Commission  (Fulbright  Commission);  a  Grant-in-Aid  from  the  American 
Association  of  Petroleum  Geologists  (1990);  a  grant  from  the  Ocean  Ventures 
Fund  at  W.H.0.1.  (1991);  a  Research  Grant-in-Assistance  from  the 
Paleontological  Society/Margarct  C.  Wray  Trust  (1991);  a  Grant-in-Aid  of 
Research  from  the  Sigma  Xi  Society  (1992). 


7 


TABLE  OF  CONTENTS 

Abstract .  4 

Acknowledgements .  6 

Table  of  Contents .  7 

Introduction .  10 

Chapter  1.  Maestrichtian  Climate  and  Oceanography .  12 

1)  Global  Temperature  Gradients .  12 

2)  Biospheric  Changes  at  the  Cretaceous/Paleoccnc  Boundary  and 

Extinction  Hypotheses .  14 

3)  Calcareous  Nannoplankton .  16 

Chapter  2.  Samples  and  Methods .  19 

1)  Samples .  19 

(A)  Sections  Investigated  in  This  Study . 19 

(B)  Sampling  Strategy  and  Sample  Intervals . 21 

2)  Methods .  23 

(A)  Sample  Preparation .  23 

(B)  Counting  Procedure .  23 

(C)  Data  Processing . 25 

Chapter  3.  Chronology .  30 

1)  Biohorizons . 30 

2)  ODP  Hole  690C . 36 

3)  ODP  Hole  761B . 46 

4)  ODP  Hole  761C . 52 

5)  DSDP  Hole  217 . 56 

6)  DSDP  Hole  528  . 62 

7)  Millers  Ferry  Section . 67 

Chapter  4.  Results  of  Nannofossil  Counts . 69 

1)  ODP  Hole  690C . 69 

2)  ODP  Holes  761 B  and  761 C . 89 

3)  DSDP  Hole  217 .  102 

4)  DSDP  Hole  528 .  120 


8 


5)  Millers  Ferry  Section .  141 

Chapter  5.  Discussion .  145 

1)  Maestrichtian  Evolutionary  and  Biogeographic  Events 

at  High  Latitudes .  145 

(A)  Evolutionary  Changes .  145 

(a)  Extinctions .  145 

(b)  Originations .  145 

(B)  Biogeographic  Changes .  149 

(a)  Emigrations .  149 

(b)  Abundance  Changes .  149 

2)  Maestrichtian  Evolutionary  and  Biogeographic  Events 

in  Mid/Low  Latitudes .  154 

(A)  Evolutionary  Changes .  154 

(a)  Extinctions .  154 

(b)  Originations .  155 

(B)  Biogeographic  Changes  and  Abundance  Changes .  155 

3)  Maestrichtian  Nannoplankton  Evolution .  159 

(A)  Austral  Taxa .  159 

(a)  Which  are  the  "austral"  taxa? .  159 

(b)  Paleogeographic  distribution  of  austral  taxa . 160 

(c)  Why  did  austral  calcareous  nannoplankton  species  become 

extinct? . .  163 

(B)  Nannoplankton  Response  to  Environmental  Perturbations 

During  the  Last  500  ky  of  the  Cretaceous  (66.9  to  66.4  Ma) .  171 

(a)  High  latitude  evidence . 171 

(b)  Mid-latitude  trends . 177 

(C) Paleoenvironmcntal  Significance  of  Selected  Nannoplankton 

Species . 181 

(a)  Previous  studies . 1 8 1 

(b)  Biscutum  constans . 183 

(c)  Discorhabdus  ienotus . 186 

(d)  Nephrolithus  frequens  and  other  high  latitude  taxa .  186 

(e)  Ahmuellerella  octoradiata . 1 90 

4)  Implications  of  High  Resolution  Biogeographic  Studies  .  190 

5)  Implications  for  the  Extinctions  at  the  K/P  Boundary .  192 


9 


6)  Summary .  193 

Chapter  6.  Synopsis .  196 

Literature .  205 

Appendix  I:  Taxonomy .  219 

Appendix  11:  Data .  230 

Curriculum  Vitae .  288 


10 


INTRODUCTION 

The  ^ laestrichtian  represents  the  last  8.1  m.y.  of  the  Cretaceous  (74.5  Ma 
-  66.4  •  .a;  Kent  and  Gradstein,  1985;  Berggren  et  al.,  1985).  Its  end  (at  66.4  Ma; 
Berggren  et  al.,  1985)  corresponds  to  the  Cretaceous/Paleocene  (K/P) 
boundary,  when  one  of  the  most  severe  extinctions  of  life  on  Earth  occurred 
(e.g.  Russell,  1977;  Raup  and  Sepkoski,  1984).  Pronounced  changes  of  the 
climate,  surface  water  circulation,  and  stratification  of  the  photic  zone  during 
the  Maestrichtian  have  been  proposed  (e.g.  Douglas  and  Savin,  1975;  Huber  and 
Watkins,  1992).  Little  micropaleontologic  evidence  is  available  to  assess  how 
these  changes  affected  the  marine  micro-  and  nannoplankton.  Some  authors 
have  concluded  that  stable  ecological  conditions  prevailed  in  the  photic  zone 
during  the  last  15  m.y  of  the  Cretaceous  (e.g.  Thierstein,  1981).  Others  have 
argued  that  environmental  perturbations  and  long  term  climate  shifts  were 
responsible  for  gradual  extinctions  in  some  groups  of  organisms  (inoceramids, 
dinosaurs;  see  Kauffman,  1984,  for  a  review)  during  the  Maestrichtian. 

The  extinction  event  at  the  end  of  the  Cretaceous  is  one  of  the  most 
severe  of  the  Phanerozoic  (Raup  and  Sepkoski,  1984)  but  the  mechanisms 
causing  the  extinctions  are  still  vehemently  debated.  The  impact  of  an  asteroid 
(Alvarez  et  al.,  1980)  or  of  a  comet  (Hsii,  1980)  has  been  proposed  to  explain  the 
abruptness  of  the  K/P  extinctions  in  numerous  groups  of  organisms. 

Progressive  cooling  (Stanley,  1984),  possibly  linked  to  massive  volcanic 
eruptions  (Courtillot  et  al.,  1986),  and  changes  in  the  ocean  circulation  (deep 
water  formation)  as  a  consequence  of  sea  level  fall  (Brinkhuis  and 
Zachariasse,  1988)  have  been  proposed  as  alternative  mechanisms. 

Paleontologic  evidence  in  support  of  either  mechanism  has  been  presented 
(e.g.  Thierstein,  1982;  Kauffman,  1984). 

In  this  study  I  investigate  the  Maestrichtian  biogeographic  evolution  of 
the  calcareous  nannoplankton  in  order  to  determine  how  the  changes  in  the 
oceanic  surface  water  habitat  affected  them.  Biogeographic  changes, 
migrations,  and  extinctions  of  calcareous  nannoplankton  species  are 
documented  and  their  causal  relation  to  environmental  perturbations  are 
explored.  The  biogeographic  patterns  observed  in  the  early  and  mid- 
Maestrichtian  are  compared  to  those  of  the  last  -500  ky  of  the  Maestrichtian  in 
order  to  assess  whether  increased  environmental  stress  could  be  documented. 


Calcareous  nannoplankton  are  well  suited  to  study  the  effect  of  proposed 
oceanic  environmental  perturbations  on  the  marine  plankton  for  several 
reasons.  1)  The  ubiquitous  presence  of  fossil  remains  of  calcareous 
nannoplankton  in  calcareous  marine  sediments  allows  worldwide  sample 
coverage  and  comparisons  between  different  paleoenvironments.  2)  Due  to  the 
small  size  and  abundance  of  calcareous  nannofossils,  samples  can  be  very 
closely  spaced,  allowing  high  temporal  resolution;  only  very  little  material  is 
necessary  to  conduct  quantitative  studies.  3)  In  contrast  to  previous  synoptic 
studies  (Thierstein,  1981),  material  from  high  southern  latitudes  recovered  by 
the  Ocean  Drilling  Project  during  the  past  few  years  is  included  in  this 
investigation.  It  is  essential  to  include  high  and  low  latitudes  sites  in  a 
biogeographic  study  of  Maestrichtian  calcareous  nannoplankton,  because  of 
the  pronounced  bioprovincialism  that  has  been  documented  (e.g  Wind,  1979a, 
b:  Wise,  1988). 
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CHAPTER  1 

MAESTRICHTIAN  CLIMATE  AND  OCEANOGRAPHY 

1)  Global  Temperature  Gradients 

Geological  and  paleontological  evidence  indicate  that  the  Cretaceous 
period  was  considerably  warmer  than  today,  with  strongly  reduced  latitudinal 
and  vertical  temperature  gradients  in  the  oceans  (reviewed  by  Savin,  1977; 
compare  also  Barron  et  al.,  1981).  Polar  ice  caps  did  not  exist  (Miller  and 
Fairbanks.  1987)  and  ocean  surface  temperatures  in  low  latitudes  were 
between  17‘’-20°C  (similar  to  today),  while  bottom  water  temperatures  ranged 
from  5°-8“C  (Douglas  and  Savin.  1971,  1973,  1975;  Saito  and  Van  Donk,  1974; 
Savin.  1977;  Saltzman  and  Barron.  1982)  or  6.5®-10®C  according  to  Shackleton 
and  Boersma  (1984),  which  is  much  warmer  than  today's  1-3®C. 

Latitudinal  temperature  gradients  were  lower  than  today;  high 
southern  latitude  surface  water  temperatures  were  ~4.5®-10.5°C  (Barrera  et  al., 
1987).  Studies  of  plant  fossils  from  the  North  Slope  of  Alaska  led  Parrish  and 
Spicer  (1988)  to  estimate  that  mean  annual  Arctic  temperatures  were  2°-8“C. 

Cgolins  Trend 

Oxygen  isotope  analyses  of  planktonic  and  benthic  foraminifera,  of  fine 
fraction  carbonate  (primarily  calcareous  nannofossils),  and  of  well  preserved 
macrofossils  (inoceramids)  imply  a  general  cooling  trend  during  the  Late 
Cretaceous  (Albian  to  Maestrichtian.  Douglas  and  Savin,  1975). 

A  temperature  decrease  in  the  early  Maestrichtian  of  bottom  and 
surface  waters  was  reported  by  Douglas  and  Savin  (1975),  Margolis  et.  al. 

(1977),  and  Boersma  (1984b)  in  low  and  mid-latitudes.  Clauser  (1987)  reported  a 
cooling  peak  straddling  the  late  Campanian/early  Maestrichtian  boundary 
from  a  section  near  Bidart  (southwest  France).  No  temperature  changes  are 
reported  during  the  middle  Maestrichtian  (Boersma,  1984b).  While  Margolis  et 
al.  (1977)  reported  a  slight  decline  of  surface-  and  bottom  water  temperatures 
during  the  late  Maestrichtian,  Douglas  and  Savin  (1975)  reported  a 
temperature  increase  in  the  early  Danian.  Shackleton  and  Boersma  (1984) 
indicated  "somewhat  higher  mean  surface  temperatures"  in  the  Paleocene 
than  in  the  Maestrichtian  in  the  South  Atlantic  (Walvis  Ridge,  paleolatitude  of 
about  40°S).  Zachos  et  al.  (1989)  reported  cooling  beginning  in  the  latest 
Cretaceous  (about  200  ky  before  the  K/P  boundary)  and  a  warming  peak  in  the 
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early  Paleocene  (-600  ky  after  the  K/P  boundary).  Barrera  and  Huber  (1990) 
presented  stable  isotope  evidence  from  the  high  southern  Atlantic  Ocean 
(Maud  Rise)  indicating  that  surface  and  deep  waters  cooled  throughout  the 
Maestrichtian. 

Latest  Maestrichtian  Warming  Pulse 

Stott  and  Kennett  (1990b)  reported  a  brief  warming  pulse  (~2°C)  in  the 
latest  Maestrichtian  (between  -66.9  and  66.6  Ma:  i.e.  this  pulse  did  not  straddle 
the  K/P  boundary).  Land  plant  evidence  from  the  western  interior  of  North 
America  (Wyoming  and  North  Dakota)  also  suggest  a  brief  warming  trend 
during  the  last  350  ky  (from  early  Subchron  C29R)  of  the  Maestrichtian 
(Johnson,  1992). 

Deep  Water  Formation 

Ocean  bottom  waters  were  much  warmer  than  they  are  today  (see 
above).  Two  hypotheses  exist  for  deep  water  formation  in  the  Cretaceous 
oceans:  1)  formation  of  dense,  saline  waters  on  subtropical  shelves  where 
evaporation  exceeded  precipitation  (Brass  et  al.,  1982);  and  2)  deep  water 
formation  due  to  cooling  in  high  latitudes  (e.g.  Barrera  et  al.,  1987).  Brinkhuis 
and  Zachariasse  (1988)  speculated  that  the  regression  at  the  K/P  boundary  led 
to  the  cessation  of  deep  water  formation;  the  resulting  interruption  of  deep 
ocean  circulation  and  upwelling  of  nutrients  from  the  deep  ocean  caused  the 
collapse  of  the  marine  ecosystem  at  the  K/P  boundary.  This  hypothesis, 
however,  does  not  explain  the  extinctions  of  terrestrial  organisms. 

Maestrichtian  Sedimentary  Cycles 

Cyclic  variations  of  carbonate  content  (expressed  visually  as  red  and 
white  color  cycles)  occur  in  Upper  Cretaceous  -  lower  Cenozoic  sediments  in 
the  South-Atlantic.  Herbert  and  D'Hondt  (1990)  interpreted  these  variations  as 
resulting  from  processional  climate  cycles.  It  has  been  shown  that  certain 
calcareous  nannofossil  species  fluctuate  in  response  to  orbital  forcing  (e.g. 
Chepstow-Lusty  et  al.,  1989;  Beaufort  and  Aubry,  1990;  Erba  et  al.,  1992).  This 
has  not  yet  been  demonstrated  for  the  Maestrichtian.  The  identification  of 
such  taxa  would  be  very  valuable  for  palcoclimatic  as  well  as  stratigraphic 
investigations  (see  discussion  in  Herbert  and  D'Hondt,  1990). 
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Sea  level  changes 

Haq  et  al.  (1987)  have  reported  a  sea  level  fall  at  the  early/late 
Maestrichtian  boundary  as  well  as  at  the  K/P  boundary.  Huber  (1992a) 
speculated  that  the  mid-Maestrichtian  sea  level  fall  led  to  significant  changes 
in  the  ocean  circulation  and  ended  the  isolation  of  the  austral  planktonic 
foraminiferal  province.  Brinkhuis  and  Zachariasse  (1988)  speculated  about  the 
consequences  of  the  sea  level  fall  at  the  K/P  boundary  (see  above). 


2)  Biospheric  Changes  at  the  Cretaceous/Paleocene  boundary 

and  Extinction  Hypotheses 
Biospheric  Changes  at  the  K/P  boundary 

Extinction  or  significant  reduction  of  species  diversity  at  the  K/P 
boundary  are  documented  for  groups  as  diverse  as  marine  calcareous  plankton 
(foraminifera:  Loeblich  and  Tappan,  1957;  Luterbacher  and  Premoli-Silva, 

1964;  coccolithophorids:  Bramlette  and  Martini,  1964),  marine  macrobenthos 
(bivalves,  brachiopods,  bryozoans,  echinoderms;  see  review  by  Hallam  and 
Perch-Nielsen,  1990)  and  marine  nekton  (belemnites:  Christensen,  1976; 
ammonites:  Cobban  and  Scott,  1972,  Wiedmann,  1964),  as  well  as  land 
vertebrates  (dinosaurs:  Van  Valen  and  Sloan,  1977;  for  an  overview  see 
Kauffman,  1984).  A  major  extinction  event  was  also  documented  for  land  plants 
(Johnson  and  Hickey,  1990).  Some  of  these  groups  disappeared  rather  abruptly 
(most  calcareous  marine  plankton),  others  had  already  been  on  the  decline 
prior  to  the  end  of  the  Cretaceous  (inoceramids,  and  dinosaurs;  see  Kauffman, 
1984,  for  a  review).  Theoretical  considerations  by  Signor  and  Lipps  (1982)  and 
findings  of  recent  fieldwork  (summarized  by  Kerr,  1991)  challenge  this  view 
of  gradual  attrition  and  claim  that  the  apparently  gradual  extinctions  may  be 
sampling  artifacts  resulting  from  the  increasing  scarcity  of  macrofossils  in 
the  strata  below  the  boundary. 

In  contrast  to  the  extinctions,  some  groups  of  organisms  were  little 
affected  by  the  K/P  boundary  eveni(s).  These  included  some  phytoplankton 
groups,  such  as  organic  walled  dinoflagellates  (Brinkhuis  and  Zachariasse, 
1988)  and  siliceous  diatoms  (Kitchell  et  al.,  1986)  as  well  as  some 
macroinvertebrates  (nautiloids:  Kauffman,  1984),  and  vertebrates  (turtles: 
Hutchison  and  Archibald,  1986;  snakes,  crocodilians:  Kauffman,  1984)  and 
mammals. 
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Cretaceous/Paleocene  Boundary _ Hypotheses 

In  addition  to  the  biological  changes,  chemical  and  mineralogical 
anomalies  in  sediments  on  both  sides  of  the  K/P  boundary  are  well  known. 
Assuming  a  causal  connection  between  the  chemical  and  mineralogical 
anomalies  on  one  hand,  and  the  extinctions  on  the  other  hand,  Alvarez  et  al. 
(1980)  proposed  the  impact  of  a  lO-km-diameter  asteroid  at  the  K/P  boundary 
(for  a  review  see  Alvarez,  1986).  Other  workers  suggested  the  impact  of  a  comet 
(Hsu,  1980)  or  several  simultaneous  impacts  (Smit,  1990).  Among  others,  a 
circular  subsurface  structure  near  Chiexulub  on  the  Yucatdn  Peninsula 
(Mexico)  was  proposed  as  the  site  of  the  K/P  boundary  impact  (Hildebrand  et 
al..  1991). 

In  contrast  to  extraterrestrial  causes  of  the  K/P  extinctions,  Courtillot  et 
al.  (1986)  claimed  that  extended  intense  volcanism  associated  with  the 
formation  of  the  Deccan  Traps  could  explain  the  biospheric  changes  and  the 
mineralogical/chemical  signatures  more  readily  (see  also  Officer  et  al.,  1987). 
Other  researchers  have  claimed  that  earthbound,  environmental  changes  (e.g 
global  cooling:  Stanley.  1984)  during  the  Late  Cretaceous  were  sufficient  to 
explain  the  K/P  extinctions. 

The  basic  differences  between  the  extraterrestrial  and  the  earthbound 
extinction  hypotheses  are  the  timing  and  duration  of  their  respective 
influences  on  the  biosphere.  The  flood  basalt  volcanism  of  the  Deccan  Traps 
straddled  the  K/P  boundary  and  lasted  about  0.5  to  1  m.y.  (paleomagnetic  and 
paleontologic  data  indicate  that  the  bulk  of  the  Deccan  Traps  were  extruded 
during  Chron  29R,  the  oldest  and  the  youngest  flood  basalts  were  extruded 
during  times  of  normal  polarity;  Courtillot  et  al.,  1986;  Courtillot,  1990).  In 
contrast,  the  impact  of  an  extraterrestrial  body  is  an  instantaneous  event. 
Paleontologists  have  pointed  out  that  a  discrepancy  exists  between  the 
instantaneous,  severe,  and  non-selective  extinctions  expected  by  the  impact- 
hypothesis,  and  the  actual  changes  in  fossil  assemblages  occurring  prior  to 
and  extending  across  the  K/P  boundary,  as  pointed  out  above  (Clemens  et  al., 
1981). 
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3)  Calcareous  Nannoplankton 

Remains  of  calcareous  nannoplankton  are  ubiquitous  in  marine 
calcareous  sediments.  Their  small  size  and  great  abundance  in  the  sediments 
permit  quantitative  investigations  of  abundance  changes  of  individual  taxa. 
Cores  drilled  by  the  Deep  Sea  Drilling  Project  (DSDP)  and  the  Ocean  Drilling 
Program  (ODP)  in  the  world's  oceans  provide  an  unprecedented  opportunity  to 
study  these  changes  at  very  high  resolution  at  almost  all  latitudes. 

Previous  Studies:  Paleoprovincialism  and  Biogeographic  Changes 

Only  few  studies  have  investigated  biogeographic  changes  of  calcareous 
nannofossils  during  the  Maestrichtian.  Yet  several  observations  are  well 
documented. 

Provincialism:  Maestrichtian  provincialism  of  calcareous 
nannoplankton  was  first  pointed  out  by  Worsley  and  Martini  (1970)  who 
showed  that  the  late  Maestrichtian  marker  species  Micula  murus  and 
Nephrolithus  frequens  were  largely  restricted  to  low  and  high  latitudes, 
respectively.  Worsley  (1974),  Thierstein  (1976,  1981)  and  Wind  (1979a,  b) 
conducted  superregional  studies  and  confirmed  that  numerous  species  had 
pronounced  latitudinal  abundance  gradients  in  the  Maestrichtian.  This 
latitudinally-deflned  provincialism  was  in  contrast  to  the  conditions  in  the 
mid-Cretaceous  (Barremian  to  Cenomanian;  Roth  and  Bowdler,  1981)  when 
latitudinal  provincialism  was  weak,  but  oceanic  versus  neritic  provincialism 
well  developed  (Roth  and  Bowdler,  1981).  Wise  (1988)  argued  that  the  increase 
of  latitudinal  provincialism  of  calcareous  nannofossils  during  the  Late 
Cretaceous  reflected  the  global  cooling  that  progressed  during  the  same  time 
(compare  e.g.  Douglas  and  Savin,  1975).  Similarly,  Wind  (1979a)  speculated  that 
some  high  latitude  taxa  (B.-  maenum  and  B..  coronuml  were  indicative  of  cool 
surface  water  temperatures,  whereas  others  (such  as  e.g.  B.-  constansl  were 
characteristic  of  warmer  water  temperatures. 

Biostratigraphv:  The  latitudinal  provincialism  during  the  Late 
Cretaceous  is  also  reflected  in  the  fact  that  nannofossil  taxa  that  have  been 
used  for  stratigraphic  purposes  in  low  latitudes  (e.g.  Bukry,  1973)  were  absent 
from  mid-  and  high  latitudes.  For  this  reason,  different  zonations  have  been 
developed  for  different  latitudinal  zones. 

Geographic  and  Temporal  Changes:  Thierstein  (1981)  performed 
semiquantitative  analyses  of  late  Campanian  to  early  Paleocene  calcareous 
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nannoplankton  associations.  His  study  includes  sections  from  all  ocean  basins 
and  from  high  as  well  as  from  low  latitudes.  Only  one  site  was  from  very  high 
southern  latitudes  (DSDP  Hole  327A)  and  its  stratigraphic  range  was 
misinterpreted^.  In  addition  to  latitudinal  bioprovincialism  (see  above) 
Thierstein  (1981)  concluded  in  particular  that  (i)  nannofossil  abundances  did 
not  change  significantly  during  late  Campanian  through  Maestrichtian. 
indicating  stable  oceanic  surface  environments,  (ii)  that  no  gradual  or 

stepwise  extinctions  of  Cretaceous  taxa  occurred  prior  to  the  K/P  boundary  and 
(iii)  that  the  persistent  taxa  (i.e.  those  that  "survive"  the  K/P  extinctions; 
Percival  and  Fischer,  1977)  occurred  mainly  at  high  latitude  sites  possibly 
indicative  of  their  adaptation  to  higher  seasonality  of  temperature,  salinity  or 

light. 

Doeven  (1983)  investigated  abundance  changes  of  calcareous 
nannoplankton  taxa  from  Campanian  to  Maestrichtian  in  the  northwest 
Atlantic  Ocean  (Canadian  Atlantic  Margin).  He  interpreted  the  abundance 
increase  of  some  taxa  (e.g.  A.-  cvmbiformis.  K-  magnificus  and  M..  staurophoral 
and  the  decrease  of  VL-  barnesae  as  indicative  of  cooling  of  surface  waters  in 
the  early  Maestrichtian,  possibly  as  a  consequence  of  circulation  changes 

caused  by  early  seafloor  spreading  in  the  Labrador  Sea. 

The  resolution  in  both  of  these  studies  was  very  low:  Thierstein's  (1981) 
sample  spacing  throughout  most  of  the  late  Campanian  and  Maestrichtian  was 
~l-5m  (“100-200  ky),  but  increased  significantly  (sample  spacing  <10cm;  ~5-10 
ky)  immediately  below  (~-lm)  the  K/P  boundary.  Doeven  (1983)  investigated 
one  (or  two)  samples  in  each  of  the  five  Campanian  to  Maestrichtian 
nannofossil  zones  in  nine  drillholes  (29  samples  total). 

In  addition,  both  studies  only  reported  on  the  abundance  trends  of  the 
most  abundant  taxa  present  (>2%  of  the  assemblage),  since  the  authors 
believed  that  abundance  changes  of  rarer  taxa  were  unreliable. 


*  Thierstein  (1981)  thought  that  the  age  of  Cores  327 A- 10  to  327A-12  was  late 
Maestrichtian  (while  in  fact  it  was  early  Maestrichtian),  most  likely  because  he  mistook 
the  early  Maestrichtian  species  Neohrolithus  corvstus  for  the  late  Maestrichtian  marker 
species  £L-  freouens.  The  same  mistake  was  made  in  the  original  core  descriptions 
(Shipboard  Scientific  Party,  1977;  Wise  and  Wind,  1977).  It  was  only  in  1979  that  Wind 
(1979a)  had  recognized  the  taxonomic  and  stratigraphic  differences  between  ti..  corvstus 
and  H.-  fraqucns- 
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K/P  Boundary  Studies  of  Calcareous  Nannoolankton  Associations 

Calcareous  nannoplankton  associations  have  been  studied  extensively 
in  K/P  boundary  sections  all  over  the  world  (e.g  Percival  and  Fischer,  1977; 
papers  in  Christensen  and  Birkelund,  1979;  Perch-Nielsen  et  al.,  1982; 

Thierstein,  1981;  Jiang  and  Gartner,  1986).  Most  studies  concentrated  on  the 
abrupt  extinctions  at  the  K/P  boundary  and  the  recovery  of  the  calcareous 
nannoplankton  in  the  early  Paleocene.  No  quantitative,  high  resolution 
studies  exist  that  documented  abundance  changes  of  all  calcareous  nannofossil 
taxa  during  the  last  SOO  ky  of  the  Cretaceous. 
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CHAPTER  2 

SAMPLES  AND  METHODS 


1)  Samples 

(A)  SECTIONS  INVESTIGATED  IN  TfflS  STUDY 

Three  sites  (ODP  Holes  690C,  761B  and  DSDP  Hole  217)  were  selected  for 
detailed  study  based  on  1)  their  latitude  during  the  Maestrichtian  (high 
southern  and  mid-latitudes;  Figure  1;  see  also  site  descriptions  in  Chapter  3),  2) 
the  completeness  of  their  Maestrichtian  sedimentary  record,  and  3)  the  high 
quality  of  calcareous  nannofossil  preservation.  In  addition,  three  sections 
were  selected  (ODP  Hole  76 1C,  DSDP  Hole  528,  and  Millers  Ferry  Section)  to  study 
calcareous  nannoplankton  biogeographic  evolution  in  detail  during  the  last 
several  100  ky  prior  to  the  K/P  boundary  (Figure  1). 

Hole  690C  (~65°S)  is  one  of  the  few  Maestrichtian  sections  in  calcareous 
facies  recovered  in  high  southern  latitudes  to  date.  Its  Maestrichtian  latitude 
was  very  similar  to  its  present  latitude  (see  Chapter  3).  This  hole  represents 
southern  high  latitudes  and  the  austral  province  in  this  study. 

Hole  761B  is  located  at  16°S  on  the  northwestern  Australian  margin 
(Wombat  Plateau,  Indian  Ocean);  its  Maestrichtian  location  was  in  (high)  mid 
latitudes  (~40°S;  see  Chapter  3).  Hole  761C  was  included  in  this  study  because 
the  K/P  boundary  section  in  this  hole  appears  to  be  continuous,  whereas  an 
unconformity  occurred  in  Hole  76 IB  (see  Chapter  3). 

Hole  217  is  presently  located  at  8°N  (Ninetyeast  Ridge,  Bay  of  Bengal, 
Indian  Ocean).  This  site  was  originally  included  in  this  study  to  represent 
tropical  latitudes,  but  results  from  recent  ODP  Legs  in  the  Indian  Ocean 
indicate  that  the  Maestrichtian  latitude  of  this  site  was  ~>30°S  (see  Chapter  3). 

DSDP  Hole  528  is  located  on  Walvis  Ridge  in  the  South  Atlantic  Ocean 
(28°S).  Its  Maestrichtian  latitude  was  -35®S  (Chave,  1984).  This  site  was 
included  in  order  to  investigate  nannofossil  changes  associated  with  the 
pronounced  sediment  color  variation  at  this  site. 

The  section  at  Millers  Ferry  (Alabama)  represents  the  only  section  from 
the  northern  hemisphere  investigated  in  this  study.  It  was  located  in  (low) 
mid-latitudes  during  the  Maestrichtian  (~30-35°N).  It  also  represents  the  only 
epicontinental  section  studied  herein. 
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(B)  SAMPLING  STRATEGY  AND  SAMPLE  INTERVALS 

In  order  to  investigate  the  response  of  calcareous  nannoplankton  to 
short  term  environmental  perturbations  as  well  as  their  biogeographic 
evolution  through  the  Maestrichtian,  different  degrees  of  temporal  resolution 
(through  different  sampling  density)  were  used  in  different  parts  of  the 
sections  studied  (see  Figure  2). 

Herbert  and  D'Hondt  (1990)  showed  that  the  carbonate  content  varied 
cyclically  in  Upper  Cretaceous-lower  Cenozoic  marine  sediments  over  -20  m.y. 
in  the  South  Atlantic.  They  interpreted  this  carbonate  content  cyclicity  as  a 
response  to  processional  climatic  cycles  and  calculated  a  mean  absolute  period 
of  23.5±4.4  ky.  To  avoid  the  problem  of  aliasing,  a  minimum  of  two  samples  per 
cycle  is  required  (Blackman  and  Tukey,  1958)  but  Ledbetter  and  Ellwood  (1976) 
suggested  that  at  least  four  samples  per  cycle  should  be  analyzed  in  order  to 
increase  the  reliability  of  the  results.  Following  Ledbetter  and  Ellwood  (1976)  1 
attempted  to  obtain  a  chronologic  resolution  of  -5  ky  in  order  to  investigate 
whether  calcareous  nannofossil  fluctuations  occur  in  cycles  of  -20  ky:  very 
closely  spaced  samples  (every  -3  cm)  were  taken  in  the  uppermost  2.7  m  of  the 
Cretaceous  in  Hole  690C  (representing  the  last  -60  ky  of  the  Maestrichtian)  and 
every  -5  cm  in  the  uppermost  7.5  m  in  Hole  528  (representing  the  last  -75  ky; 
stippled  intervals  in  Figure  2).  A  temporal  resolution  of  -3  ky  was  thus 
achieved  in  both  holes. 

The  remainder  of  the  "latest  Maestrichtian  interval’  (cross  hatched 
interval  prior  to  the  K/P  boundary  in  Figure  2)  represented  in  Holes  690C  and 
528  was  investigated  at  slightly  lower  temporal  resolution  (only  -10  ky  in  Hole 
690C,  corresponding  to  sample  intervals  of  -10  cm;  -20  ky  in  Hole  528, 
corresponding  to  sample  intervals  of  -20  cm).  Similar  resolution  (between  -10- 
20  ky)  was  also  achieved  for  the  latest  Maestrichtian  interval  represented  in 
Holes  76 IB.  76 1C.  and  217. 

In  order  to  assess  whether  nannoplankton  changes  during  the  last  -500 
ky  of  the  Maestrichtian  were  inherently  different  from  those  earlier  in  the 
Maestrichtian,  control  intervals  with  a  temporal  resolution  of  -10-20  ky  were 
selected  (cross  hatched  intervals  in  the  early  and  mid-Maestrichtian  in  Figure 
2). 
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Figure  2:  Schematic  representation  of  the  samples  investigated  in  this  study. 
The  cross  hatched  and  stippled  patterns  indicate  intervals  of  high  sample 
resolution.  The  numbers  in  each  interval  are  the  number  of  samples  studied 
The  black  dots  represent  the  widely  spaced  samples  between  the  intervals  of 
high  temporal  resolution. 
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The  portions  between  the  intervals  of  very  high  resolution  (cross 
hatched  intervals  in  Figure  2)  were  investigated  at  much  lower  resolution 
(about  one  sample  every  500  ky;  black  dots  in  Figure  2). 

2)  Methods 

(A)  SAMPLE  PREPARATION 

Counts  were  performed  on  settling  slides  for  DSDP  Holes  217  and  528,  OOP 
Holes  690C,  76 IB  and  76 1C.  Smear  slides  were  used  for  the  section  at  Millers 
Ferry.  The  settling  slides  were  prepared  following  Beaufort  (1991)  with  slight 
modifications.  Tap  water  was  used  to  disaggregate  the  sediment  and  to  prepare 
the  nannofossil  suspension.  As  tap  water  was  slightly  acidic  having  very 
noticeable  etching  effects  on  the  calcareous  nannofossils,  the  water  was 
alkalinized  by  adding  Ammoniumhydroxide  (NH4OH)  which  has  the  advantage 
of  dissociating  and  evaporating  in  the  heater  oven  without  leaving  a 
precipitate  on  the  nannofossils.  The  largest  problem  encountered  during 
sample  preparation  was  that  as  the  water  degassed  in  the  drying  oven  tiny  gas 
bubbles  accumulated  under  the  cover  slips  and  frequently  lifted  them  from 
the  platforms  on  which  they  were  resting.  It  was  not  unusual  to  lose  a  quarter 
of  the  samples  in  a  batch  during  the  last  step  of  sample  preparation  because  of 
this  phenomenon.  This  problem  was  avoided  by  weighing  down  the  cover  slip 
with  a  small  amount  of  plasticine  held  above  the  suspension  by  four  tooth¬ 
picks  (Figure  3). 

(B)  COUNTING  PROCEDURE 

All  counts  for  this  study  were  performed  using  a  Zeiss  Axiophot  light 
microscope.  Three  hundred  specimens  were  selected  as  the  minimum  number 
to  be  counted  because  with  this  sum  there  is  a  95%  probability  of  encountering 
at  least  one  specimen  of  a  taxon  whose  true  abundance  in  the  assemblage  is 
1%.  Because  of  the  predominance  of  one  species  in  most  samples  (E-  stoveri  in 
Hole  690C,  M-  staurophora  in  Holes  217,  528,  761B,  761C,  and  at  Millers  Ferry), 
counting  was  usually  performed  in  two  steps;  first,  all  specimens  were  counted 
until  a  sum  of  ~300  was  reached.  Then,  all  taxa  were  counted  except  the  single 
most  abundant  one  until  the  sum  of  these  (rarer)  taxa  was  at  least  300.  In  most 
samples  the  sum  of  all  taxa  exclusive  of  the  dominant  one  was  >500.  Only  when 
preservation  was  poor  were  fewer  than  300  specimens  counted.  In  samples 


24 


plasticine 

toothpicks 

nannofossil  suspension 

cover  glass 
platform 


Figure  3:  Toothpicks  were  used  to  hold  a  piece  ot  plasticine  (modelling 
compound)  above  the  nannofossil  suspension  in  order  to  hold  the  cover  glass 
in  place  during  the  evaporation  period  in  the  heater  oven. 
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with  a  preponderance  of  £.  stoveri  or  M.-  staurophora  all  taxa  were  counted  in 
at  least  20  viewfields.  If  the  sum  of  all  taxa  exclusive  of  the  dominant  one  was 
<300  after  examination  of  20  viewfields,  counting  was  continued. 

Samples  located  near  zonal  boundaries  or  samples  with  very  good 
preservation  were  scanned  in  addition  to  the  counts.  Any  taxa  that  were 
observed  during  this  additional  scanning  and  had  not  been  recorded 
previously  are  noted  in  the  data  tables  (Appendix  II)  with  an  asterisk  (*)  or  a 
'P'.  For  calculation  purposes  an  abundance  of  0.5  "specimens"  was  assigned  to 
these  rare  taxa. 


(C)  DATA  PROCESSING 

Percent  of  nannofossil  taxa  were  calculated  exclusive  of  the  most 
abundant  taxon  because  the  dominance  of  one  species  (E-  stoveri  or  M . 
staurophora)  would  have  suppressed  the  percentages  of  all  other  taxa  to  such  a 
degree  that  genuine  abundance  variations  would  have  been  obscured. 

Absolute  abundances:  By  counting  on  settling  slides  it  is  possible  to 
estimate  the  number  of  specimens  per  gram  sediment  using  the  following 
equation  (Beaufort,  1991): 


X  -  ^ 

^  GxN 


Vjxr  71 

S  x(Vi,  + V  -r^TixH) 


where 


Xsed  =  number  of  specimens  per  gram  sediment 
A  =  number  of  specimens  counted 

G  =  weight  of  sediment  used  to  prepare  the  slide  (in  gram) 

N  =  number  of  viewfields  counted 

Vd  =  volume  of  dilution  .  =  1000  ml 

r  =  radius  of  beaker .  =  2.65  cm  for  150  ml  beaker 

.  =  2.32  cm  for  100  ml  beaker 

S  =  area  of  one  viewfield  .  =  1.65  x  lO  '’  cm^  (at  1250x  mag.) 

Vb  =  volume  of  suspension .  =  100  ml  for  150  ml  beaker 

poured  in  beaker .  =  80  ml  for  100  ml  beaker 

Vp  =  volume  of  platform .  =  3.4  cm^ 

H  =  height  of  platform .  =  2.69  cm 
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Two  different  kinds  of  beakers  were  used  to  prepare  the  settling  slides 
of  the  uppermost  Maestrichtian  samples  in  Hole  690C:  the  different  radii  of  the 
beakers  and  the  different  volumes  of  suspension  used  in  the  sample 
preparations  for  Hole  690C  were  taken  into  account  in  the  calculations.  The 
constants  that  were  used  to  calculate  the  numbers  of  specimens  per  gram 
sediment  in  each  of  the  two  cases  are  given  below  (they  are  listed  as  "Beaker 
Constant”  for  all  samples  of  Hole  690C  in  the  data  tables.  Appendix  II): 

Xsed  =  7^~KT'X  3.0x  10^  for  150  ml  beakers  and 

G  X  N 

Xsed  =  2.7  X  10^  for  100  ml  beakers. 

G  X  N 

Only  the  smaller  beakers  were  used  for  the  preparations  of  samples 
from  all  other  sites. 

In  order  to  take  the  changing  carbonate  content  into  consideration  the 
number  of  specimens  per  gram  carbonate,  rather  than  per  gram  sediment 
have  to  be  compared.  They  are  calculated  using  the  following  equation: 


Fluxes:  The  flux  of  coccoliths  and  nannoliths  (number  of  specimens  per  cm^ 
per  kiloyear)  was  calculated  using  the  following  formula: 

Flux  =  (XcOs)  X  (W  -  (P/100)  1.01)  X  SR 


where 

Xc03  =  number  of  nannofossil  specimens  per  gram  carbonate 
W  =  wet  bulk  density  (g/cm^) 

P  =  porosity  (%) 

SR  =  sedimentation  rate  (cm/ky) 
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The  values  for  wet  bulk  density  and  for  porosity  were  taken  from  DSDP  and  ODP 
Initial  Reports  and  the  sedimentation  rates  used  are  given  in  Chapter  3 
"Chronology". 

Accumulation  rates  of  carbonate  and  of  insolubles:  The  carbonate 
accumulation  rate  (CAR)  was  calculated  using  the  following  formula: 

CAR  =  ([CO3 1/100)  X  (W  -  (P/100)  X  1.01)  X  SR 

where  [C03]  =  carbonate  content  in  %,  W  =  wet  bulk  density.  P  =  porosity,  and  SR 
=  sedimentation  rate.  The  accumulation  rate  of  insolubles  was  calculated  in  a 
similar  way,  but  the  first  term  in  the  equation  above  was  replaced  by 
(1  -  [CO31/100). 

Reproducibility:  On  several  slides  multiple  counts  were  performed  to  test 
whether  the  results  were  reproducible.  Multiple  counts  of  four  samples  were 
tested  for  homogeneity  at  the  Center  for  Data  Processing,  University  of 
Agriculture,  Vienna,  Austria,  and  the  results  are  given  in  Table  1.  Only  the 
more  abundant  taxa  in  the  samples  were  tested.  Each  field  in  Table  1  contains 
the  numbers  of  specimens  counted  in  the  top  row.  In  the  lower  row  of  each 
field  the  calculated  value  as  well  as  an  indication  of  its  significance  are 
given  (n.s.  =  not  significant;  (*)  =  significant  at  the  99%  level;  *  =  significant 
at  the  95%  level).  Generally,  these  results  imply  homogeneity  among  different 
counts  on  the  same  slide,  since  one  or  two  significant  values  among  60  are 
expected  at  a  0.05  probability  level  (i.e.  one  significant  value  out  of  20). 

Reliability:  In  the  graphs  in  Chapter  4  ("Results  of  Nannofossil  Counts") 
the  data  are  plotted  without  further  statistical  treatment.  These  1)  reveal  an 
apparent  short  term  variability  and  2)  show  the  distribution  of  very  rare  taxa. 
These  raw  data  may  contain  valuable  information.  However,  when  statistical 
treatments  as  described  below  are  applied,  some  of  the  changes  are  not 
significant  at  the  95%  confidence  level.  Thus,  only  major  long  term  trends 
should  be  deduced  from  the  raw  data,  in  order  to  assess  the  significance  of 
relatively  small  abundance  changes  (<~5%)  and  short  term  trends  (i.e.  -100-500 
ky)  the  following  calculations  were  performed  on  data  included  in  the 
discussion  in  Chapter  5:  in  order  to  reduce  the  short  term  variability  of  the 


Table  1:  Results  of  test  of  homogeneity  between  different  counts  on  the  same 
slide. 
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data  and  to  recognize  underlying  trends  a  five-point  running  average  was 
calculated  after  the  following  method; 


Pi  = 


2 

i=-2 

2 

i=-2 


where  xi  is  the  number  of  specimens  of  a  particular  species  counted  in  sample 
i  and  sumi  is  the  sum  of  all  species  in  this  sample  (exclusive  of  the  most 
abundant  species).  The  age  assigned  to  the  five-point  average  was  the  mean  of 
all  flve  sample  ages.  In  order  to  assess  the  reliability  of  the  abundance 
variations  observed  in  the  curves  of  the  five-point  running  average, 
approximate  95%  confidence  intervals  were  calculated  following  the  method 
described  by  Mosimann  (1965:  p.  643). 

p  +  [3.84/(2n)]  ±  1.96V  [p(l-p)/n]  +  [3.84/(4n^] 

1  +  (3.84/n) 


where  the  larger  value  obtained  is  the  upper  limit  and  the  smaller  value  is  the 
lower  limit. 
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CHAPTER  3 
CHRONOLOGY 


1)  Biohorizons 

In  this  chapter  I  present  a  discussion  of  the  Maestrichtian  biohorizons 
(calcareous  nannofossils  and  planktonic  foraminifera)  used  to  construct  the 
sedimentation  rate  curves.  Age  estimates  of  these  biohorizons  are  based  on 
calibration  against  magnetostratigraphy  in  sections  with  a  reliable 
paleomagnetic  record,  using  the  magnetochronology  of  Berggren  et  al.  (1985). 
The  depth-levels  of  the  biohorizons  in  each  section  were  compiled  from  the 
literature  and  were  calculated  as  the  average  between  the  highest/lowest 
sample  in  which  the  taxon  was  present,  and  the  subsequent  higher/lower 
sample  where  it  was  absent.  In  all  cases  several  different  age  estimates  of  the 
same  biohorizon  were  obtained  from  different  sections  (Figure  4).  For  some 
biohorizons  the  age  estimates  cluster  fairly  tightly,  whereas  for  others  they 
show  considerable  spread.  The  reliability  of  the  different  estimates  is  discussed 
as  well  as  the  age  (and  error)  ultimately  assigned  to  a  particular  biohorizon. 
Generally,  the  age  assigned  to  any  biohorizon  is  the  average  of  all  the  ages 
listed  here,  the  error  assigned  to  each  age  estimate  is  the  difference  to  the 
extreme  values  listed. 

First  Appearance  Datum  (FAD)  of  Micula  prinsii:  66.63  Ma  f+Q.38:  -0  17) 


Hole 

Age  (Ma) 

527 

66.46 

525  A 

66.47 

577 

66.57 

577A 

66.63 

524 

67.01 

Except  for  Hole  524  the  lowest  occurrence  of  M..  prinsii  lies  in  the 
Maestrichtian  portion  of  Chron  C29R.  Thus  the  level  of  the  K/P  boundary  and 
the  Chron  C29R/30N  reversal  boundary  were  used  as  tiepoints  to  estimate  the 
age  of  this  biohorizon.  Because  the  Maestrichtian  portion  of  Chron  C29R  is 
quite  short  (only  about  0.34  m.y.;  Berggren  et  al.,  1985)  even  a  short  hiatus  at 
the  K/P  boundary  could  lead  to  a  significant  underestimate  of  the 
sedimentation  rate.  A  complete  sequence  of  biozones  in  the  early  Paleocene 
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Figure  4;  For  each  species  the  highest/lowest  occurrences  in  different  DSDP- 
and  ODP  Holes,  and  in  the  Bottacione  Section  (Bott),  Italy,  are  plotted  against 
magnetostratigraphy  (after  Berggren  et  al.,  1985).  For  literature  used  to 
compile  this  chart  see  text. 
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and  the  presence  of  an  iridium  enrichment  in  Hole  524  (Percival,  1984;  Hsii  et 
al.,  1982)  and  in  Hole  577B  (iridium  was  not  measured  in  Holes  577  and  577A; 
Michel  et  al.,  1985)  suggest  that  these  sections  are  indeed  complete.  In  Holes 
525 A  and  527  no  iridium  enrichment  was  reported,  but  based  on 
biostratigraphy  the  K/P  boundary  sequences  (calcareous  nannofossils: 

Manivit,  1984;  planktonic  foraminifera;  Boersma,  1984a)  in  these  holes  appear 
to  be  continuous. 

The  lowest  occurrence  of  M..  prinsii  is  most  precisely  delineated  in  Holes 
577  and  577A  (within  30  and  50  cm,  respectively;  Monechi,  1985). 

In  Holes  525A  and  527  the  lowest  occurrence  of  M..  prinsii  is  not  very 
well  constrained:  Micula  prinsii  was  reported  only  from  one  sample  in  each 
hole  (Manivit,  1984). 

The  lowest  occurrence  of  M.-  prinsii  in  Hole  524  is  an  exception  insofar 
as  it  occurs  in  Chron  C30N  (Percival,  1984).  Percival  does  not  discuss  his 
species  concept  of  M.-  prinsii.  and  he  does  not  report  any  peculiarities 
associated  with  it. 

The  age  assigned  to  the  FAD  of  M.-  prinsii  is  66.63  Ma  (+0.38;  -0.17  m.y.) 
when  ail  available  sections  are  included.  If  the  outlier  of  Hole  524  is 
disregarded  the  FAD  of  M..  prinsii  is  at  66.53  Ma  (+0. 1 ;  -0.07). 


First  Appearance  Datum  of  Micula  mums:  67.60  Ma  (+0.71:  -0.49) 
Hole/Section  Age  (Ma) 


527 

524 

525A 

516F 

Bottacione  Section 
577A 


67.11 

67.24  (68.39?) 

67.42 

67.51 

68.00 

68.31 


The  calcareous  nannofossils  in  Hole  524  were  studied  by  Percival  (1984) 
who  presented  a  range  chart  in  which  M-.  murus  occurred  continuously  from 
the  K/P  boundary  to  524-22-CC  (228.0  mbsf;  corresponding  to  67.24  Ma).  Below 
this  sample  no  specimen  of  M.-  murus  was  recorded  until  sample  524-26-5,  39-40 
cm  (262.89  mbsf;  corresponding  to  68.39  Ma)  where  M.-  murus  was  observed 
again  very  rarely.  Percival  (1984)  used  this  isolated,  lowermost  occurrence  of 
M..  murus  to  delineate  the  lowest  occurrence  of  M..  murus.  I  believe  that  it  is 
more  appropriate  to  use  the  base  of  the  continuous  occurrence  of  M.-  murus  as 
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the  level  of  its  lowest  occurrence;  therefore  the  age  estimate  of  67.24  Ma  is 
preferred  for  the  lowest  occurrence  of  M.-  murus  in  Hole  524. 

It  appears  that  the  six  ages  estimated  for  the  lowest  occurrence  of  M. 
murus  fall  into  two  groups:  the  South-Atlantic  Holes  (516F,  524.  525A,  527: 
Shipboard  Scientific  Party.  1983;  Percival.  1984;  Manivit.  1984)  have  values 
between  67.11  and  67.51  Ma.  whereas  the  tropical  hole  577A  (Monechi.  1985) 
and  the  Tethys-section  (Bottacione  Section:  Monechi  and  Thierstein.  1985) 
have  values  of  68.31  and  68.00.  respectively.  Micula  murus  is  the  low  latitude 
marker  species  of  the  late  Maestrichtian.  and  it  is  possible  that  this  form 
occurs  earlier  in  tropical  latitudes  than  at  middle  latitudes. 

The  average  of  all  values  listed  for  the  lowest  occurrence  of  M.-  murus  is 
67.60  Ma  (+0.71;  -0.49).  If  the  paleolatitude  of  a  section  is  very  well  known,  it 
may  be  permissible  to  use  a  value  of  67.32  Ma  ±0.2  for  mid  latitude  sites,  or  of 
68.15  Ma  ±0.15  for  tropical/tethyan  sections. 

First  Appearance  Datum  of  Nephrolithus  frequens 


Hole 

Age  (Ma) 

527 

67.48 

525  A 

67.70 

516F 

68.78 

524 

69.04 

690C 

70.78 

The  diachrony  of  this  biohorizon  is  very  apparent  in  Figure  4  (compare  also 
Pospichal  and  Wise.  1990a:  fig.  6).  Whereas  the  lowest  occurrence  of 
frgqucns  in  Hole  690C  lies  in  the  lower  half  of  Chron  C31R  (Pospichal  and  Wise. 
1990a;  Hamilton.  1990).  it  lies  within  C31N  in  Holes  524  (Percival.  1984;  Tauxe  ct 
al..  1984)  and  516F  (Shipboard  Scientific  Party.  1983;  Hamilton  et  al..  1983),  and 
in  Chron  C30N  in  Holes  525A  and  527  (Manivit,  1984;  Chave,  1984).  It  is  not 
strictly  correlated  with  latitude,  or  else  the  lowest  occurrences  of  this  species 
in  the  Walvis  Ridge  Sites  (latitude  and  paleolatitude  within  five  degrees  of  each 
other:  524,  525A,  527)  should  be  clustered  more  tightly,  which  is  not  the  case. 

In  fact,  the  temporal  difference  in  the  lowest  occurrence  between  Hole  524 
and  527  (1.56  m.y.)  is  almost  as  large  as  the  difference  between  Hole  524  and 
690C  (1.74  m.y.)!  Still,  it  is  intriguing  that  the  lowest  occurrences  of  N . 
frequens.  in  the  Walvis  Ridge  sites  occurs  progressively  from  the  more 
southern  to  the  northern  sites  (i.e.  earliest  first  occurrence  in  Hole  524,  then 
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in  525 A,  then  in  527).  It  has  been  suggested  (Pospichal  and  Wise,  1990)  that  the 
diachronous  lowest  occurrences  of  tL-  frequens  in  different  sections  reflects 
the  equatorward  spreading  of  high  latitude  water  mass  properties  (e.g.  cooler 
temperatures)  throughout  the  Maestrichtian.  If  this  is  correct,  then  this 
spreading  did  not  proceed  at  a  constant  pace  from  high  latitude  Site  690  to  the 
equator.  It  took  fj..  frequens  roughly  the  same  amount  of  time  to  conquer  all 
the  Atlantic  Ocean  between  Antarctica  (Hole  690C)  and  the  Walvis  Ridge  (Hole 
524)  as  it  needed  to  cross  the  Walvis  Ridge  itself  (from  Hole  524  to  Hole  527). 

As  a  consequence  of  the  highly  diachronous  first  occurrences  of 
frequens  no  average  age  is  assigned  to  this  biohorizon.  The  list  given  above 
may  help,  though,  to  estimate  an  approximate  age  of  the  lowest  occurrence  of 
N ■  frequens  in  a  sections  of  which  the  paleolatitude  is  known. 


First  Appearance  Datum  of  Ahathomphalus  mavaroensis:  69.67  Ma  (-1-1.4:  -1.02) 


Hole/Section 

Age  (Ma) 

524 

68.65 

Bottacione  Section 

69.00 

525  A 

69.64 

516F 

69.98 

690C 

71.07 

The  lowest  occurrence  of  this  planktonic  foraminifer  varies 
considerably  between  the  sections  included  in  this  compilation,  occurring  in 
different  magnetochrons  in  different  sections:  in  Hole  524  (Smith  and  Poore, 
1984)  and  in  the  Bottacione  Section  its  lowest  occurrence  lies  in  Chron  C31N 
(Luterbacher  and  Premoli  Silva,  1964),  whereas  in  Holes  516F  (Weiss,  1983), 
525A  (Boersma,  1984a),  and  690C  (Huber,  1990)  it  lies  in  Chron  C31R.  No  clear 
correlation  of  this  diachrony  of  the  lowest  occurrence  with  paleolatitude  is 
apparent,  other  than  its  earliest  first  occurrence  in  southern  high  latitude 
Site  690  (see  also  discussion  in  Huber  and  Watkins,  1992).  The  age  estimate  of 
this  biohorizon  is  fairly  poorly  constrained:  69.67  Ma  (+1.4;  -1.02). 


First  Appearance  Datum  of  Lithraphiditcs  quadratus:  69.03  Ma  r+0.29:  -0.26^ 


Hole/Section 

Age  (Ma) 

527 

68.77 

525A 

68.86 

516F 

69.16 

Bottacione  Section 

69.32 

The  ages  estimates  for  this  biohorizon  in  different  sections  cluster 
fairly  tightly  compared  with  other  biohorizons.  The  lowest  occurrence  of  L.- 
quadratus  in  all  sections  lies  in  Chron  C31N  (calcareous  nannofossil  results 
from  Shipboard  Scientific  Party,  1983;  Manivit,  1984;  Monechi  and  Thierstein, 
1985;  paleomagnetic  results  from  Alvarez  et  al..  1977;  Hamilton  et  al.,  1983; 
Chave,  1984).  The  average  age  is  69.03  Ma  (+  0.29;  -0.26). 


Last  Appearance  Datum  of  Ouadrum  trifidum:  71.28  Ma  t+0.34:  -0.441 


516F 

70.84 

525A 

71.36 

Bottacione  Section 

71.65 

Age  estimates  of  this  biohorizon  cluster  fairly  tightly  around  the 
boundary  between  Chrons  C31R  and  C32N  (calcareous  nannofossil  results  from 
Shipboard  Scientific  Party,  1983;  Manivit,  1984;  Monechi  and  Thierstein,  1985; 
paleomagnetic  results  from  Alvarez  et  al.,  1977;  Hamilton  et  al.,  1983;  Chave, 
1984).  The  average  age  assigned  to  this  biohorizon  is  71.28  Ma  (+0.37;  -0.44). 
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2)  ODP  Hole  690C 
Location 

ODP  Hole  690C  was  drilled  on  the  southwestern  flank  of  Maud  Rise  in  the 
Atlantic  Sector  of  the  Antarctic  Ocean  (Weddell  Sea)  at  65°9.62rS,  1°12.285'E  in 
2914  m  waterdepth  (Shipboard  Scientific  Parly,  1988).  This  site  was  included  in 
this  study  because  it  represents  one  of  the  southernmost  Maestrichtian 
sections  in  calcareous  facies  drilled  to  date.  It  contains  a  biostratigraphically 
complete  K/P  boundary  section  with  an  iridium  enrichment. 

Lithology 

About  70  m  of  Upper  Cretaceous  (upper  Campanian/lower  Maestrichtian 
to  K/P  boundary)  sediment  were  penetrated  (sediment/basement  contact  at 
317.0  mbsf;  K/P  boundary  at  247.79  mbsf).  The  sediment  was  divided  into  two 
lithologic  units,  based  on  the  calcareous  nannofossil  content  (Shipboard 
Scientific  Party,  1988;  Figure  5);  in  the  lower  unit  (unit  V:  317.0  to  281.1  mbsf) 
foraminifera  and  terrigenous  quartz  and  clay  constitute  the  dominant 
components  of  the  sediment,  in  the  upper  unit  (unit  IV:  281.1  to  137.8  mbsO 
calcareous  nannofossils  dominate;  the  boundary  between  these  lithologic  units 
coincides  approximately  with  the  boundary  between  the  middle  and  upper 
Maestrichtian. 

The  relative  abundances  of  different  sedimentary  components  vary 
widely  throughout  the  Maestrichtian  (Figure  5).  Calcareous  nannofossils 
fluctuate  considerably  (10-40%)  in  the  uppermost  Campanian  to  middle 
Maestrichtian;  they  constitute  about  50%  of  the  upper  Maestrichtian  sediment. 
In  the  Paleocene  they  increase  to  values  >80%.  Foraminifera  attain  peak 
abundances  of  30-35%  in  the  uppermost  Campanian/lowermost  Maestrichtian. 
They  fluctuate  between  2-20%  throughout  the  middle  and  upper  Maestrichtian; 
in  the  uppermost  Maestrichtian  (about  4  m  below  the  K/P  boundary) 
foraminifera  reach  a  peak  of  25%.  Quartz  and  clay  constitute  10-20%  of  the 
sedimentary  components  in  the  uppermost  Campanian/lowest  Maestrichtian, 
reach  peak  abundances  over  80%  in  the  middle  Maestrichtian,  and  decrease  to 
very  low  values  (<10%)  in  the  lowest  Paleocene.  Mica  content  increases 
throughout  the  Maestrichtian  from  <10%  in  the  uppermost  Campanian/lower 
Maestrichtian  to  almost  20%  in  the  upper  Maestrichtian.  About  4  m  below  the 
K/P  boundary  mica  decreases  to  ca.  5%  and  remains  at  this  level  through  the 
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lower  Paleocene.  Volcanic  glass  is  an  important  sedimentary  component  (20- 
25%)  below  ca.  300  mbsf  (uppermost  Campanian  to  lowermost  Maestrichtian).  A 
light  greenish  ash-layer  occurs  at  314.38  mbsf.  Volcanic  glass  is  virtually 
absent  in  most  of  the  middle  and  upper  Maestrichtian  sediments,  but  reoccurs 
towards  the  top  of  the  Maestrichtian  (ca.  4  m  below  the  K/P  boundary)  where 
it  reaches  values  of  ca.  10%  and  declines  to  0%  during  the  lower  Paleocene. 
Zeolites  are  present  only  in  upper  Maestrichtian  and  lower  Paleocene 
sediments;  they  reach  their  peak  abundance  (almost  20%)  in  the  immediate 
vicinity  of  the  K/P  boundary.  Calcispheres  occur  as  minor  sediment 
components  (<5%)  in  the  upper  part  of  the  middle  and  in  the  upper 
Maestrichtian.  In  the  lowermost  Paleocene  they  reach  peak  abundances  of 
almost  30%.  Pale  brown  and  yellowish  brown  chert  fragments  and  layers 
occur  sporadically  in  the  lowermost  sediments  at  this  site. 

Bioturbation  is  minor  to  strong  throughout  the  Upper  Cretaceous 
section,  often  obscured  by  drilling  disturbance  in  the  uppermost 
Campanian/lowest  Maestrichtian  sediments. 

CrctaccQusZEalcoccoc _ boundary: 

The  change  of  Cretaceous  to  Paleocene  assemblages  of  planktonic 
foraminifera  and  of  calcareous  nannofossils  occurs  in  section  690C-1S'4, 
between  about  SO  and  30cm  (Stott  and  Kennett,  1990a;  Pospichal  and  Wise, 

1990b;  personal  observation).  Also  in  the  immediate  vicinity  of  the  K/P 
boundary  (Section  690C-15-4,  between  ca.  60  and  30  cm)  occurs  a  very  distinct, 
but  heavily  bioturbated  lithology-  and  color-change  from  white  nannofossil 
chalk  below  to  pale-brown  nannofossil  mud  above.  The  carbonate  content  of 
the  sediment  in  this  interval  decreases  from  80-90%  in  the  white  chalk  to  <50% 
in  the  pale-brown  sediment  (Figure  6).  The  peak  abundance  of  zeolites  (which 
are  the  product  of  diagenetic  alteration  of  volcanogenic  sediments)  and  the 
presence  of  moderate  amounts  (ca.  10%)  of  volcanic  glass  support  the 
argument  of  Shipboard  Scientific  Party  (1988)  that  the  darker  color  of  the 
sediment  above  the  contact  may  be  due  to  volcanic  influence. 

Pospichal  and  Wise  (1990b)  showed  that  the  white  nannofossil  chalk 
contains  typical  Cretaceous  nannofossil  assemblages,  whereas  the  pale-brown 
sediments  contain  approximately  20%  persistent  and  incoming  taxa.  They 
argue  therefore  that  the  K/P-boundary  should  be  drawn  at  the  top  of  the 
highest  autochthonous  white  chalk  clast  (690C-15-4,  between  41.5  and  41.8  cm; 
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Figure  6:  Decrease  in  carbonate  content  at  the  Cretaceous/Paleocene  boundary 
(black  squares:  this  study;  open  circles;  Stott  and  Kennett,  1990b). 

(1)  Level  where  Pospichal  and  Wise  (1990b)  place  the  K/P  boundary  (based  on 
calcareous  nannofossils). 

(2)  Interval  of  planktonic  foraminiferal  turnover  from  Maestrichtian  to 
Paleocene  assemblages  (Stott  and  Kennett.  1990b). 

(3)  Peak  of  iridium  enrichment  (Michel  et  al..  1990). 
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247.815  and  247.817  mbsf;  Pospichal  and  Wise,  1990b).  This  approach  -  which 
differs  from  the  definition  of  the  K/P  boundary  as  the  "level  of  extinction  of 
most  Upper  Cretaceous  species"  (Cepek  and  Hay,  1969)  -  was  justified  by  the 
fact  that  no  extinction  horizon  is  apparent  in  this  section,  due  to  reworking 
(or  survival)  of  Cretaceous  species  into  the  Paleocene. 

In  the  planktonic  foraminifera  there  is  no  well  defined  extinction 
horizon  at  the  K/P  boundary.  Cretaceous  taxa  are  replaced  by  Cenozoic  taxa 
over  a  10-cm  interval  (between  samples  690C,  15X-4,  45-47  cm  and  15X-4,  35-37 
cm,  247.85  and  247.75  cm,  respectively;  Stott  and  Kennett,  1990a).  Stott  and 
Kennett  place  the  K/P  boundary  at  the  level  where  Paleogene  species  become 
dominant  (>50%)  over  Cretaceous  species.  It  must  be  stressed,  that  this  is  not 
the  proper  definition  of  the  K/P  boundary  in  planktonic  foraminifera 
biostratigraphy  (i.e.  the  extinction  horizon  of  Cretaceous  taxa)  but  rather  an 
attempt  to  circumvent  the  problem  of  intensive  reworking  in  this  section. 

An  iridium-enrichment  occurs  in  Core  690C-15X  with  a  well-defined 
peak  at  15X-4,  39-40cm  (247.79  mbsf;  Michel  et  al.,  1990). 

Benthic  foraminifera  show  only  minor  changes  at  the  K/P  boundary 
(Thomas,  1990),  whereas  calcareous  dinoflagellates  show  a  dramatic  turnover 
(FUtterer.  1990). 

Because  bioturbation  makes  it  impossible  to  draw  the  K/P  boundary 
unambiguously  with  nanno-  and  microfossils,  the  level  of  the  Ir-enrichment 
is  used  as  the  level  of  the  K/P  boundary  in  this  study. 

Paleoenvironment  during  the  Maestichtian 

The  Maestrichtian  latitude  of  Site  690  was  about  70°S  based  on 
paleocontinental  reconstructions  of  Firstbrook  et  al.  (1979)  and  of  Smith  et  al. 
(1977). 

The  Upper  Cretaceous  and  Cenozoic  sediments  at  Site  690  were  laid  down 
in  a  pelagic,  open-ocean  environment  (Shipboard  Scientific  Party,  1988,  p. 
236).  Paleontological  (benthic  foraminifera;  Thomas,  1990)  as  well  as 
geochemical  evidence  (Mn/Fe  ratios;  Robert  and  Maillot,  1990)  suggest  that 
bottom  waters  were  well  oxygenated.  Water  depth  estimates  were  based  on 
comparison  of  benthic  foraminiferal  assemblages  at  Site  690  (Thomas,  1990) 
with  results  from  benthic  foraminifera  studies  in  the  South  Atlantic  (Katz  and 
Miller,  1990).  Estimates  of  water  depth  are  tenuous  and  indicate  middle  to  lower 
bathyal  depths  (l000-2500m)  during  the  Late  Cretaceous  and  early  Paleocene, 
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and  subsequent  deepening  to  upper  abyssal  depths  (2500ni  or  deeper)  for  the 
remainder  of  the  Cenozoic  (Shipboard  Scientific  Party,  1988,  p.  213). 

Paleoclimate 

Smectite  dominates  the  clay  mineral  fraction  from  the  Upper  Cretaceous 
through  the  upper  Eocene  in  sediments  of  Sites  689  and  690  (65-100%;  Robert 

and  Maillot,  1990).  This  indicates  warm  climatic  conditions  with  alternating 
periods  of  humidity  and  aridity  in  Antarctica,  the  source  area  of  the  clay 
minerals.  Starting  in  the  Paleocene  kaolinite  is  present  at  Site  690  indicating 
increased  humidity  on  Antarctica  at  this  time  (Robert  and  Maillot,  1990). 

Stable  isotope  results  (5‘^0)  from  Maestrichtian  planktonic  and  benthic 
foraminifera  indicate  long  term  cooling  throughout  the  entire  Maestrichtian 
with  a  short  warming  event  during  the  last  0.5  m.y.  before  the  K/P  boundary 
(Barrera  and  Huber,  1990;  Stott  and  Kennett,  1990b;  see  Chapter  5  for 
discussion). 

Nannofossil  Biostratigraphy 

The  initial  sampling  was  based  on  the  nannofossil  biostratigraphy  of 
Pospichal  and  Wise  (1990a)  which  was  subsequently  refined  in  the  course  of 
this  study.  The  following  problems  were  encountered: 

First  occurrence  of  Nephrolithus  frequens:  This  species  evolves  in  the 
late  Maestrichtian,  possibly  from  Nephrolithus  corvstus  (Pospichal  and  Wise, 
1990a).  Consequently  there  are  many  forms  close  to  the  first  occurrence  of  tL- 
frequens  that  arc  intermediate  between  a  typical  £L-  corvstus  and  a  typical  I5L. 
frequens.  Pospichal  and  Wise  report  that  frequens  is  absent  in  sample  19X-1, 
130-132  (282.41  mbsf),  that  it  is  questionably  present  at  18X,  CC  (281.10  mbsO 
and  that  it  occurs  'commonly'  in  sample  18X-5,  36-38  cm  (277.76  mbsO.  My  own 
investigations  showed  that  li.  frequens  occurs  commonly  in  sample  18X-5,  54 
cm  (277.94  rnbsO.  where  it  constitutes  about  22%  of  the  assemblage.  In  sample 
19X-1,  107cm  intermediate  forms  between  tL.  frequens  and  tL-  corvstus  occur 
infrequently.  These  forms  do  not  bear  a  central  stem,  they  have  a 
comparatively  narrow  margin,  they  are  smaller  and  have  fewer  perforations 
than  the  'ty  ira  '  stem-bearing  specimens  of  tL-  corvstus  in  this  sample.  In 
addition,  the.se  forms  mostly  have  a  distinct  kidney-shaped  outline,  whereas 
corvstus  otiCii  has  an  almost  elliptical  outline.  At  this  time  it  is  impossible  to 
assign  these  intermediate  forms  unambiguously  to  cither  species  because  the 
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structural  differences  of  the  central  area  -  which  are  the  only  pertinent 
criteria  to  distinguish  ]i.  frequens  from  M.-  corvstus  -  are  not  visible  under  the 
light  microscope.  Until  these  questions  can  be  resolved  in  a  subsequent  stuUy 
on  the  SEM  the  first  (certain)  occurrence  of  K-  frequens  is  recorded  in  sample 
690C-18-5,  54  cm  (277.94  mbsO;  tL-  frequens  is  (probably)  absent  in  690C-19-1, 
107cm  (282.17  mbsf). 

Last  occurrence  of  Nephrolithus  corvstus:  The  last  occurrence  of  this 
species  lies  in  an  interval  where  preservation  of  calcareous  nannofossils  is 
very  poor.  Unquestionable  specimens  are  present  up  to  690C-18-2,  60-61  cm 
(273.5  mbsO-  In  overlying  samples  from  sections  18-2  and  18-1  no  specimens 
of  corystus  were  observed:  only  the  most  dissolution  resistant  taxa  are 
present  in  this  interval.  In  sample  690C-17-CC,  20-21  cm  (271.4  mbsO  the 
preservation  of  calcareous  nannofossils  improves  and  one  specimen  was  found 
after  extremely  careful  search  in  a  sample  where  large  forms  were  enriched 
by  centrifuging.  Nephrolithus  corvstus  is  absent  in  the  remainder  of  Core 
690C-17.  Due  to  the  poor  preservation  of  calcareous  nannofossils  in  the 
interval  where  tL-  corvstus  disappears  (between  690C-18-2,  60-61  cm  and  690C- 
17-CC)  it  is  not  possible  to  establish  whether  JJi..  corvstus  is  present 
continuously  through  sections  690C-18-2  and  -18-1,  or  whether  the  occurrence 
in  690C-17-CC  should  be  discarded  as  an  artifact  of  reworking. 

Last  occurrence  of  Biscutum  magnum:  This  species  disappears  between 
samples  690C-18-CC,  15-16  cm  (281.10  mbsO  and  690C-18-5,  54  cm  (277.94  mbsO- 
No  sediment  was  recovered  between  these  sections.  These  observations  agree 
with  Pospichal  and  Wise's  (1990a)  practice  of  drawing  the  boundary  between 
the  B..  magnum  Zone  and  the  £L.  corvstus  Subzone  (i.e.  LO  of  B..  magnum. 

Pospichal  and  Wise.  1990a)  at  the  same  level,  despite  the  observation  of  one 
specimen  in  sample  690C-18-5,  36-38  cm  (277.76  mbsf;  Pospichal  and  Wise, 
1990a). 

Last  occurrence  of  Biscutum  coronum:  The  last  occurrence  of  this 
species  was  observed  in  sample  690C-20-1,  136  cm  (292.16  mbsO.  it  is  absent  in 
sample  690C-20-1,  133  cm  (292.13  mbsO-  This  level  is  a  little  higher  than 
previously  reported  by  Pospichal  and  Wise  (1990a). 

Last  occurrence  of  E.-  levis:  This  species  was  observed  in  sample  690C-18- 
5,  54  cm,  albeit  very  rarely.  According  to  Pospichal  and  Wise  (1990a)  K-  levis  is 
absent  in  sample  690C-18-5,  36-38  cm  (277.76  mbsO- 
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Magnetostratigraphy 

High  resolution  paleomagnetic  data  of  high  quality  were  obtained  from 
Upper  Cretaceous  sediments  of  Holes  690C  and  689B  (Hamilton.  1990).  Hamilton 
(1990)  indicated  that  the  combined  results  from  both  holes  yielded  sufficient 
evidence  to  decipher  the  Upper  Cretaceous  magnetostratigraphy  of  Maud  Rise. 
Due  to  the  high  latitude  of  Maud  Rise  in  the  Late  Cretaceous  (not  significantly 
different  from  its  present  day  location;  Hamilton,  1990)  it  was  acceptable  to  use 
the  inclination  of  the  remanent  magnetization  vector  as  a  reliable  index  of 
magnetic  polarity.  Normal  magnetization  overprint  of  most  samples  could  be 
satisfactorily  removed  through  magnetic  cleaning.  The  high  rate  of  recovery 
allowed  high  resolution  sampling  and  yielded  a  sharp  definition  of  the 
polarity  record  in  Hole  690C  (Hamilton,  1990). 

The  polarity  record  as  well  as  the  magnetostratigraphic  interpretation 
(after  Hamilton,  1990)  are  shown  in  Figure  7. 

All  biostratigraphic  zones  around  the  K/P  boundary  which  occurs  in 
Chron  C29R  were  identified  (Pospichal  and  Wise,  1990b;  Stott  and  Kennett, 
1990a).  Interestingly,  in  Hole  690C  this  boundary  occurs  closer  to  the  top  of 
29R  than  in  other  pelagic  sections  (Herbert  and  D’Hondt,  1990).  This  may  be 
due  to  a  very  low  sedimentation  rate  in  the  earliest  Paleocene,  or  may  indicate 
the  presence  of  a  hiatus  within  CPla  or  at  the  CPla/CPlb  zonal  boundary 
(Pospichal  and  Wise,  1990b).  The  fact  that  Cruciplacolithus  primus  and  £.. 
tenuis  appear  at  about  the  same  level  (Pospichal  and  Wise,  1990b)  supports  the 
possibility  of  a  hiatus  between  these  two  subzones.  Poor  preservation  of 
planktonic  foraminifera  (R.  D.  Norris,  oral  comm.)  in  the  lowermost  Paleocene 
may  indicate  partial  carbonate  dissolution;  no  similar  preservational  pattern  is 
reported  in  the  calcareous  nannofossils  (Pospichal  and  Wise,  1990b). 

Sedimentation  rates:  Sedimentation  rates  in  the  Maestrichtian  of  Hole  690C  are 
based  on  the  paleomagnetic  results  of  Hamilton  (1990).  Magnetochron 
boundaries  are  very  well  constrained  (Figure  7)  except  for  the  C32R/33N 
boundary,  which  occurs  between  samples  that  are  more  than  six  meters  apart. 
The  sedimentation  rate  of  the  overlying  interval  (Chron  C32N)  is  extended  to 
the  bottom  of  the  section.  The  data  used  are  tabulated  in  Table  2,  the  results 
included  in  Figure  7. 
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Table  2:  The  depth  assignments  of  the  magnetozone  boundaries  are  taken  from 
Hamilton  (1990),  the  K/P  boundary  was  placed  at  the  level  of  the  iridium-peak 
(Michel  et  al.,  1990).  Numerical  ages  were  assigned  to  these  boundaries 
according  to  Kent  and  Gradstein  (1985)  and  Berggren  et  al.  (1985). 


Boundary 

Depth 

(mbsfl 

Age  (Ma) 

Sedimentation  Rate 
(m/m.v.l 

29N/29R 

247.55 

66.17 

0.24m/0.23m.y.  =  1.04 

K/P  boundary 

247.79 

66.40 

4.49m/0.34m.y.  =  13.21 

29R/30N 

252.28 

66.74 

19.97m/2.66m.y.  =  7.51 

31N/31R 

272.25 

69.40 

11.14m/1.97m.y.  =  5.65 

31R/32N 

283.39 

71.37 

19.39m/2.18m.y.  =  8.89 

32N/32R 

302.78 

73.55 

8.89 
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3)  ODP  Hole  761B 
Location 

Hole  76 IB  is  located  in  the  eastern  Indian  Ocean  on  the  central  part  of 
Wombat  Plateau  (16*’44.23'S,  11S°32.10'E)  about  400  km  off  the  Australian  coast 
in  2167.9  m  waterdepth  (Shipboard  Scientific  Party,  1990).  The  paleolatitude  of 
this  site  during  the  Maestrichtian  was  about  40-4S°S  according  to  Firstbrook  et 
al.  (1979),  and  about  30-40°S  according  to  the  paleocontinental  reconstructions 
of  Smith  and  Briden  (1977). 

Lithology 

The  Maestrichtian  sediments  in  this  Hole  are  light-colored  nannofossil 
chalks  with  foraminifera  (lithologic  unit  II:  Shipboard  Scientific  Party,  1990); 
this  unit  was  divided  into  three  subunits  based  on  changing  abundances  of 
biogenic  and  lithologic  components.  Subunit  IIA  (175.9-198.7  mbsO  consists  of 
fairly  pure,  extensively  bioturbated  nannfossil  chalk,  with  <10%  foraminifera 
and  usually  <2%  detrital  mica.  Yellowish  brown  porcellanite  chert  nodules  are 
present  but  rare.  The  top  of  this  subunit  coincides  with  the  K/P  boundary 
where  a  distinct  color  and  lithologic  change  occurs. 

In  Subunit  IIB  (198.7-240.0  mbsf)  foraminifera  increase  to  10-25%  and 
zeolite  constitutes  up  to  5  %  of  the  sediment  in  core  761B-24X.  Inoceramus  shell 
fragments  are  common  throughout  this  subunit,  particularly  abundant  in  core 
761B-25X.  Bioturbation  is  extensive  throughout;  sediment  colors  are  very  pale 
brown,  light  gray,  and  white.  Brownish  yellow  chert  nodules  are  present  but 
rare.  The  base  of  this  lithologic  subunit  is  early  to  middle  Albian. 


The  K/P  boundary 

Calcareous  Nannofossils:  The  K/P  boundary  is  a  drilling  contact  and 
coincides  with  a  conspicuous  lithologic  and  colour  change,  from  light-gray, 
clay-rich  Paleocene  chalk  to  white  late  Maestrichtian  nannofossil  chalk  at 
761B-21-4,  126  cm  (175.96  mbsf;  Shipboard  Scientific  Party,  1990).  A  hiatus  is 
present  at  the  K/P  boundary  as  the  lowermost  Paleocene  nannofossil  zone 
(NPl)  is  missing.  Cruciplacolithus  primus  and  C.  tenuis  both  are  present 
together  in  761-21-4,  125  cm  (Shipboard  Scientific  Party,  1990).  The  uppermost 
Maestrichtian  at  76 IB  belongs  to  the  M.-  murus  Zone. 
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Planktonic  Foraminifera:  The  hiatus  at  the  K/P  boundary  is  also 
recognized  by  planktonic  foraminifera  as  the  lowermost  Paleocene 
assemblages  indicate  Zone  PIC  (Shipboard  Scientific  Party.  1990). 


Biostratigranhv 

Calcareous  Nannofossils:  The  uppermost  Maestrichtian  marker  fossil,  M. 
prinsii.  was  not  observed  in  this  hole,  nor  in  the  more  complete  hole  761C 
(Bralower  and  Siesser,  1992).  The  reason  for  its  absence  may  be  a  short  hiatus 
in  Hole  761B  or  paleoceanographic  exclusion.  The  latter  explanation  is  favored 
because  M.-  prinsii  is  also  absent  in  Hole  761C  where  an  iridium  enrichment  at 
the  K/P  boundary  (Rocchia  et  al..  1992)  and  a  complete  sequence  of  upper 
Maestrichtian  and  (condensed)  Paleocene  nannofossil  zones  indicate  that  the 
K/P  transition  is  complete.  On  the  other  hand,  the  absence  of  M.-  prinsii  at  Site 
761  cannot  be  strictly  a  function  of  paleolatitude,  since  this  species  is  present 
in  the  Walvis  Ridge  sites  (e.g.  528)  which  have  a  very  similar  paleolatitude  to 
Site  761  in  the  Upper  Cretaceous. 

The  upper  Maestrichtian  marker  fossils  M..  murus  and  tL.  frequens  arc 
both  present  in  this  section.  The  lowest  sample  where  unquestionable 
specimens  of  M.  murus  were  observed  is  761B-22-1,  80  cm  (180.50  mbsO- 
Specimens  very  similar  to  M.-  murus  but  with  slightly  shorter  arms  were 
observed  in  sample  761  B,  22-2,  80  cm  (182.0  mbsQ-  Micula  murus  is  absent  in 
sample  761  B,  22-3,  80  cm  (183.50  mbsf)  and  below.  Specimens  intermediate 
between  M..  staurophora  and  M.-  murus  were  observed  down  to  761B-23-2,  81  cm 
(191.51  mbsf).  These  forms  have  a  compact,  square  center  with  the  extinction 
pattern  of  M.-  s.taurophora  in  cross  polarized  light,  and  elongate  arms 
reminiscent  of  M..  murus.  The  lowest  occurrence  of  M..  murus  observed  here  is 
considerably  higher  in  the  section  than  reported  by  Bralower  and  Siesser 
(1992;  23-1,  81-83  cm;  190.01  mbsf).  The  reason  for  this  discrepancy  is  unclear. 
Different  taxonomic  concepts  of  M.-  murus  between  this  study  and  Bralower 
and  Siesser's  inverstigation  cannot  be  invoked,  since  Bralower  and  Siesser 
(1992)  were  aware  of  the  intermediate  forms  between  M.-  staurophora  and  M . 
murus  (compare  their  illustrations:  plate  7,  figures  1-6).  It  should  be  noted  that 
the  lowest  occurrence  of  M..  murus  as  reported  by  Bralower  and  Siesser  (1992) 
is  unusually  low  compared  with  the  level  of  this  biohorizon  in  other  sections 
(see  Chapter  Biohorizons). 
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Nephrolithus  frequens  occurs  continuously  down  to  sample  761B-23-1, 

81  cm  (190.01  mbsf).  This  agrees  well  with  Bralower  and  Siesser's  (1992) 
observation  of  the  lowest  occurrence  of  N.  frequens  in  761B-23-i,  81-83  cm. 

The  isolated  occurrence  in  sample  761B-23-3,  90cm  (193.10  mbsf:  see  data  tabic 
for  Hole  76 IB)  is  unexplained  (bioturbation?  truly  discontinuous 
occurrence?).  It  is  not  taken  as  the  level  of  the  lowest  occurrence  of  hL 
frequens  since  careful  inspection  of  smear  slides  could  not  verify  the 
presence  of  li..  frequens  in  the  samples  between. 

The  lowest  occurrence  of  L  quadratus  was  reported  in  761B-23-3,  40-41 
cm  (192.60  mbsf;  Bralower  and  Siesser,  1992)  at  which  level  this  species  occurs 
frequently  (Bralower  and  Siesser.  1992).  In  my  count  data  the  lowest 
occurrence  of  L.-  quadratus  is  in  sample  761B-23-3,  150  cm  (193.70  mbsf:  see 
data  table  for  Hole  761 B). 

The  highest  occurrence  of  R.  jevis  was  found  in  761B-24-1,  39-40  cm 
(199.09  mbsf;  Bralower  and  Siesser,  1992). 

A  very  low  sedimentation  rate  or  a  hiatus  in  the  lower  Maestrichtian  is 
indicated  by  the  very  close  (or  concomitant)  occurrence  of  the  following 
three  nannofossil  biohorizons.  The  highest  occurrence  of  E..  eximius  lies  in 
761B-24-CC  (208.2  mbsf,  Bralower  and  Siesser,  1992).  Bralower  and  Siesser 
(1992)  report  the  highest  occurrence  of  B.  parca  constricta  from  761B-24-5,  34- 
35  cm  and  use  this  level  as  the  highest  occurrence  of  E..  parca.  This  is  not 
followed  here,  since  the  highest  occurrence  in  761B-24-5,  34-35  is 
discontinuous  from  the  other  levels  where  this  species  was  observed;  in 
addition,  section  761B-24-5  does  not  exist  in  the  barrel  sheets  of  the  core 
description  (Shipboard  Scientific  Party,  1992;  p.  506)  and  was  not  present  in 
the  OOP  core  repository  in  College  Station,  Texas,  where  1  took  my  samples. 
Therefore  the  highest  occurrence  of  E..  parca  is  placed  in  761B-25-1,  41-42  cm 
(208.61  mbsf),  which  is  the  higest  level  of  continuous  occurrence  of  E.-  parca 
parca  and  B.  parca  constricta  in  761B  (Bralower  and  Siesser,  1992).  The  highest 
occurrence  of  Q..  trifidum  was  also  reported  from  761 B,  25-1,  41-42  cm  (208.61 
mbsO-  The  presence  of  a  hiatus  in  the  lower  Maestrichtian  in  76 IB  is  indicated 
in  the  sedimentation  rate  curve  supplied  by  Shipboard  Scientific  Party  (1990). 
In  contrast,  Bralower  and  Siesser  (1992)  indicate  that  the  Maestrichtian  is 
complete  (at  least  as  far  as  nannofossil  biostratigraphy  indicates),  but  that  the 
Campanian  portion  is  condensed. 
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Cretaceous  planktonic  foraminifera  indicate  that  only  the  upper  to 
middle  Maestrichtian  are  fully  developed  (Wonders,  1992),  the  remainder  of 
the  Upper  Cretaceous  (lower  Maestrichtian  to  Coniacian/upper  Turonian)  is 
condensed.  The  lowest  occurrence  of  A.  mayaroensis  was  reported  in  761B-24- 
1,  56-58  cm  (199.28  mbsf;  absent  in  761B-24-2,  63-65cm;  200.85  mbsf;  Wonders, 
1992)  and  defines  the  bottom  of  the  A-  mayaroensis  Zone. 

The  middle  Maestrichtian  Q.  contusa  Zone  was  recognized  between  76 IB- 
24-2,  63-65  cm  (200.85mbsf)  and  761B-24-4,61-63  cm  (203.83  mbsf;  Wonders, 
1992),  underlain  by  the  H.-  rajagopalani  Zone:  761B-25-1,  59-62  cm  (208.82 
mbsf)  to  761B-25-5,  59-62  cm  (214.82  mbsf;  Wonders,  1992).  The  bottom  of  this 
zone  (lowest  occurrence  of  H..  rajagopalani)  is  of  late  Campanian  age  (within 
the  Q..  calcarata  Zone,  according  to  Nederbragt,  1990;  Wonders,  1992). 

Magnetostratigraphv 

Paleomagnetic  data  are  available  from  Upper  Cretaceous  sediments  of 
Hole  76 IB  (Galbrun,  1992;  Table  3).  Thermal  cleaning,  alternating  field 
demagnetization,  or  both,  revealed  a  stable  remanent  component  of  normal  or 
reverse  polarity  in  most  samples  (Galbrun,  1992).  The  magnetic  polarity 
sequences  were  conelated  with  the  standard  magnetic  polarity  time  scale  with 
the  aid  of  calcareous  nannofossil  biostratigraphy  (Galbrun.  1992).  Above  the 
K/P  boundary  where  sedimentation  rates  are  low,  some  polarity  zones  were 
indicated  by  single  samples  only  (e.g.  C29N,  C28).  For  this  reason  these  chrons 
were  not  included  in  Figure  8.  It  is  a  striking,  but  unexplained  feature  of  the 
NRM  intensity  curve  that  the  intensities  show  a  minimum  in  the  upper 
Maestrichtian  and  lower  Paleocene  (Galbrun,  1992:  figure  4).  No  correlation 
between  variation  of  NRM  intensity  and  of  lithology  was  noted  (Galbrun, 

1992). 
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Table  3:  Fixpoints 
Hole  761 B. 

Boundary 
K/P  boundary 
29R/30N 
31N/31R 


used  to  calculate  sedimentation  rates  in  the  Maestrichtian  of 


Depth 

(mbsH 

Age 

fMal 

Sed.  Rate 
(m/m.v.) 

175.96 

66.40 

5.21m/0.34m.y.  =  15.32 

181.17 

66.74 

13.77m/2.66m.y.  =  5.18 

194.94 

69.40 

Depth  Onbef) 
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4)  ODPHole  761C 

This  hole  was  drilled  20  m  north  of  Hole  76 IB  and  contains  a  more 
complete  K/P  sequence  than  Hole  76 IB. 

A  gap  in  recovery  of  about  1  m  was  reported  in  section  761C-3R-2 
(Shipboard  Scientific  Party,  1990).  However,  for  calculation  of  the  sample 
depths  by  ODP  and  in  papers  included  in  ODP  Volume  122,  Scientific  Reports, 
this  gap  was  ignored  (i.e.  section  761C-3R-2  was  considered  to  be  only  0.5  m 
long).  Sample  depths  included  in  the  following  discussion  were  calculated  in 
the  same  manner  (i.e.  the  gap  in  section  761C-3R-2  is  ignored)  in  order  to 
facilitate  comparison  between  this  study  and  previous  publications. 

The  K/P  boundary 

A  distinct  lithologic  and  color  change  occurs  in  core  761C-3R-3. 
between  75  and  77  cm.  The  contact  is  sharp  and  inclined  (Figure  9),  with  white 
nannofossil  chalk  below  and  greenish-grey  nannofossil  chalk  above. 
Bioturbation  is  common  in  both  lithologies,  but  is  more  conspicuous  in  the 
darker,  overlying  sediment.  The  carbonate  content  decreases  from  about  85- 
90%  in  the  white  sediment  to  about  70%  in  the  greyish  chalk  (Figure  10a)  . 

Two  pieces  of  chert  are  present  about  1  cm  below  the  sharp  color  contact; 
another  piece  of  chert  lies  about  12  cm  higher  in  the  section  (at  761C-3-3,  66- 
67  cm;  Figure  9).  At  both  chert  layers  the  section  is  apparently  drilling 
disturbed. 

The  lowest  occurrence  of  fi..  sparsus  was  observed  in  sample  761C-3-3,  70 
cm  (Figure  10b).  The  next  lower  sample  available  to  me  is  from  the  white  chalk 
at  761C-3-3,  75  cm  and  contains  a  typical  upper  Maestrichtian  nannofossil 
assemblage  (without  £..  sparsusl  indicating  that  the  K/P  boundary  should  be 
placed  between  these  two  samples. 

An  iridium  enrichment  with  a  well  defined  peak  was  reported  by 
Rocchia  et  al.  (1992;  Figure  10c).  It  coincides  with  the  sharp  color  contact  at 
761C-3R-3,  75  cm  (Figure  9). 

Based  on  nannofossil,  sedimentological  and  geochemical  evidence  the 
K/P  boundary  is  thus  placed  between  761C-3R-3,  75  and  77  cm  (172.45-172.47 
mbsf). 

In  contrast,  Pospichal  and  Bralower  (1992)  placed  the  K/P  boundary 
about  9  cm  higher  in  this  section  (between  samples  761C-3-3,  66-68  cm,  172.36- 
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Level  of  pronounced 
nannofossil  turnover 
(Pospichal  and  Bralower, 
1992) 


lowest  occurrence  of 
Biantholithus  sparsus 


Iridium  Peak 


Chert 


Figure  9:  The  lithology  in  the  vicinity  of  the  K/P  boundary  in  Hole  76 1C 
(Section  761C-3R-3,  60-82  cm;  from  Pospichal  and  Bralower,  1992).  The  short  fat 
arrows  indicate  levels  where  Pospichal  and  Bralower  (1992)  took  samples. 


%  Carbonate  Incoming  Taxa  (%)  Ir  (ppb)  Vanishing  Taxa(%)  Persistent  Taxa  (%) 


occurrence  of  Biantholithus  sparsus  (this  study).  (1)  denotes  the  location  of  the  K/P  boundary  after  Pospichal 
and  Bralower,  1992.  (2)  shows  the  level  where  the  K/P  boundary  was  placed  in  this  study,  (c)  Iridium  content  in 
the  sediment  (Rocchia  et  al.,  1992).  (d)  and  (e)  Abundance  distribution  of  vanishing  and  incoming  calcareous 
nannofossil  taxa  (Pospichal  and  Bralower,  1992). 
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172.38  mbsOt  based  on  the  pronounced  change  in  the  calcareous  nannofossil 
assemblages  at  this  level  (compare  Figure  lOb,  d,  e);  the  vanishing  taxa 
decrease  from  >80%  to  about  40%  of  the  assemblage,  whereas  the  persistent 
taxa  (dominated  by  Cvclagelosphaera  spp.)  increase  from  <20%  to  about  60%. 
Pospichal  and  Bralower  (1992)  found  one  specimen  of  B..  .sparsus  in  sample 
761C-3-3,  69  cm  which  they  considered  as  reworked  and  disregarded  it  in  their 
placement  of  the  K/P  boundary:  this  interpretation  is  not  supported  by  my 
own  observations  (see  above).  The  pronounced  turnover  of  calcareous 
nannofossil  assemblages  at  the  level  where  Pospichal  and  Bralower  place  the 
boundary  may  be  due  to  a  hiatus:  a  lithologic  discontinuity  is  indicated  by 
subtle  color  differences  of  the  sediment  below  and  above  this  level.  In 
addition,  the  sediment  below  this  horizon  is  more  conspicuously  mottled  and 
bioturbated  than  the  sediment  above.  Unfortunately,  the  exact  nature  of  the 
sediment  contact  is  obliterated  by  the  drilling  disturbance  caused  by  the  chert 
pebble  (Figure  9)  at  this  level. 

No  data  on  planktonic  foraminifera  were  available  to  delineate  the  level 
of  the  K/P  boundary  in  this  hole. 

Magnetostratigraphy 

Paleomagnetic  data  are  available  from  Core  761C-3  (Rocchia  et  al,  1992) 
indicating  that  the  K/P  boundary  occurs  in  a  reverse  polarity  interval  (C29R). 
The  boundary  between  Chrons  C29R  and  C30N  was  not  encountered  since  the 
lowest  sample  analyzed  (761C-3-6,  83  cm;  177.05  mbsf)  was  still  of  reversed 
polarity. 

Sedimentation  Rate 

According  to  Berggren  et  al.  (1985)  the  age  of  the  K/P  boundary  is  66.40 
Ma,  the  base  of  Chron  C29R  occurs  at  66.74  Ma.  With  the  K/P  boundary  at  761C- 
3-3,  75-77  cm  (172.46  mbsf)  the  Maestrichtian  portion  of  C29R  is  at  least  4.59  m 
long.  This  corresponds  to  a  sedimentation  rate  of  at  least  13.50  m/m.y.  for  the 
latest  Cretaceous.  The  same  sedimentation  rate  as  calculated  for  the  uppermost 
Maestrichtian  in  Hole  76 IB  is  also  used  in  Hole  76 1C. 
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5)  DSDP  Hole  217 

Location 

Hole  217  is  located  at  8°55.57'N,  90°32.33'E  on  the  northernmost  portion 
of  Ninetyeast  Ridge  in  3010  m  waterdepth.  just  south  of  the  flat  turbidite 
sediments  of  the  Bengal  Fan  (Shipboard  Scientific  Party,  1974).  The 
paleolatitude  of  this  site  during  the  Maestrichtian  was  about  >30°S  according  to 
the  paleocontinental  reconstructions  of  Smith  and  Briden  (1977).  A  much 
lower  paleolatitude  during  the  Maestrichtian  (~1S°S)  was  indicated  by 
Firstbrook  et  al.  (1979;  compare  their  reconstruction  of  the  southern 
hemisphere  at  70  Ma)  apparently  due  to  the  fact  that  they  did  not  place  Hole 
217  on  the  Indian  Plate.  Information  obtained  through  recent  ODP  Legs  (Leg 
116  -  121)  in  the  Indian  Oceans  (see  detailed  discussion  in  Royer  et  al..  1991) 
supports  Smith  and  Briden's  reconstruction  which  is  also  used  in  this  study. 

Lithology 

The  Maestrichtian  sediments  (421  to  about  530  mbsO  were  divided  into 
two  lithologic  subunits.  2c  and  2d  (Shipboard  Scientific  Party,  1974).  From  the 
K/P  boundary  between  cores  17  and  16  (421  mbsf)  to  about  480  mbsf  the 
sediment  consists  of  light  grey  to  light  brown  nannofossil  chalk  with 
moderate  to  intense  bioturbation  (subunit  2c). 

Lithologic  subunit  2d  (420-600  mbsO  ranges  from  middle  Maestrichtian 
to  Campanian.  The  Maestrichtian  portion  of  this  subunit  consists  of  carbonate 
siltstone  (480  to  about  500  mbsf)  and  micarb  chalk  (about  510-555  mbsf); 
concurrent  with  the  change  to  micarb  chalk  occurs  a  prominent  increase  in 
shell  fragments  of  Inoceramus.  oysters  and  other  unidentified  large  molluscs 
(Shipboard  Scientific  Party,  1974).  Foraminifera  constitute  about  3-5%  of  the 
sediment,  clay  minerals  about  5-10%.  Trace  amounts  of  pyrite,  glauconite,  and 
volcanic  glass  arc  also  present.  The  presence  of  oyster  shells,  glauconite,  and 
of  microfossils  with  shallow-water  affinities  led  Shipboard  Scientific  Party 
(1974)  to  the  conclusion  that  the  palco-watcrdepth  during  the  Late  Cretaceous 
was  less  than  about  500  m. 

The  K/P  boundary 

Calcareous  nannofossils:  Calcareous  nannofossil  assemblages  in  samples 
217-16-6,  76-77  cm  and  217-16-6,  128-129  cm  are  moderately  to  poorly 
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preserved  and  are  dominated  by  fragments  of  Thoracosphaera  spp.  and  by  E- 
sigmoides:  Cruciplacolithus  primus  and  rare  Biantholithus  sparsus  are  present 
and  indicate  an  age  of  early  Paieocene  (upper  part  of  Biochron  NPl).  In 
addition,  uppermost  Maestrichtian  calcareous  nannofossils  (e.g.  M.-  murusi  are 
present.  Gartner  (1974)  reported  that  the  nannofossils  in  217-16-CC  arc 
"Maestrichtian  in  age,  though  admixed  with  some  Danian  forms".  In  the  range 
chart  he  recorded  an  isolated  occurrence  of  Cruciplacolithus  tenuis  in  sample 
217-16-CC  (Gartner,  1974)  which  would  indicate  nannofossil  Zone  NP2  (Martini, 
1971).  My  own  observations  do  not  corroborate  the  presence  of  C.-  tenuis  in  the 
lowermost  samples  of  Core  217-16-6.  Furthermore,  the  base  of  the  continuous 
occurrence  of  C.-  tenuis  lies  only  in  217-15-CC  (Gartner,  1974).  Consequently, 
the  lowermost  nannofossil  zone  identified  in  217-16-6,  128-129  is  (the  upper 
part  of)  NPl.  No  samples  of  217-16-CC  arc  available  to  me.  Based  on  my 
observations  in  section  217-16-6,  and  on  the  isolated  occurrence  of  C.-  tenuis  in 
217-16-CC,  Gartner's  observation  of  mixed  Danian  and  Maestrichtian 
nannofossils  in  217-16-CC  are  interpreted  here  as  constituting  Danian 
assemblages  with  admixed  Cretaceous  taxa. 

Sample  217-17-1,  18-19  cm  contains  a  moderately  to  well  preserved, 
typical  upper  Maestrichtian  assemblage,  including  the  marker  species  M . 
murus  and  CL-  frequens.  Forms  very  close  to  M.-  prinsii  (elongate,  curved  arms, 
but  no  distinct  bifurcation)  were  also  observed.  Paieocene  forms  were  not 
encountered.  Based  on  own  observations  and  on  Gartner's  (1974)  results  the 
K/P  boundary  is  placed  between  cores  217-16  and  217-17.  There  may  be  a  short 
hiatus  at  the  K/P  boundary  since  the  lowermost  Paieocene  sediment  is  assigned 
to  the  upper  part  of  NPl  (or,  possibly,  NP2), 

Planktonic _ Foraminifera:  Typical  Danian  forms  (Eoglobigerina. 

Chiloguembelina)  were  observed  in  core  217-16  (McGowran,  1974).  The  lower 
Paieocene  subzone  Plb  was  identified  tentatively  in  sample  217-16-6,  148-150 
cm  (McGowran,  1974);  subzone  Pla  was  indicated  in  217-16-CC  (on  the  barrel 
sheets  of  the  core  description;  Shipboard  Scientific  Party,  1974).  Accordingly, 
the  Danian  biostratigraphic  record  is  almost  complete  (McGowran,  1974).  In 
sections  217-16-6  and  217-16-CC  large  specimens  of  the  Maestrichtian 
planktonic  foraminifer  Hedbergella  monmouthensis  occur  abundantly 
(McGowran,  1974).  A  typically  diverse,  tropical  Maestrichtian  assemblage 
occurs  in  section  217-17-1  (McGowran,  1974).  The  K/P  boundary  is  placed 
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between  cores  217-16  and  217-17  at  421.0  mbsf,  on  the  tenuous  evidence  that 
the  Maestrichtian  foraminifera  in  217-1 6-CC  represent  upward  reworking 
rather  than  downhole  contamination  (McGowran,  1974). 

Biostratigraphy 

Calcareous  Nannofossils:  In  agreement  with  Wind  (1979a)  but  contrary 
to  Shipboard  Scientific  Party  (1974)  the  upper  Maestrichtian  marker  species 
Micula  murus  and  Nephrolithus  frequens  are  both  present  in  Hole  217.  Bukry 
(1974)  reported  the  presence  of  "Micula  murus  Zone  assemblages"  in  cores  217- 
17  and  217-18  but  does  not  indicate  whether  the  marker  species  is  present. 

Forms  very  similar  to  Micula  prinsii  are  present  throughout  core  217- 
17.  They  have  elongate,  curved  arms,  but  do  not  have  the  bifurcation  at  the 
ends  of  their  arms  which  is  characteristic  of  M--  prinsii.  I  consider  these  forms 
as  intermediate  between  M..  murus  and  M.-  prinsii.  possibly  representing  early 
morphotypes  of  M..  prinsii. 

The  lowest  occurrence  of  Micula  murus  lies  between  217-18-CC  (M. 
murus.  still  present)  and  217-19-3,  100  cm  (M.  murus  absent;  Wind,  1979a), 
indicating  the  base  of  the  M--  murus  Zone  (Bukry  and  Bramlette,  1970). 

The  high-latitude  marker  species  of  the  latest  Maestrichtian,  li. 
frequens.  is  also  present  in  Hole  217.  It  is  rare  and  was  not  observed  in  ail 
samples;  its  lowest  occurrence  was  observed  in  217-24-CC,  which  is  very  close 
to  the  top  of  the  Q..  trifidum  Zone.  Because  of  its  anomalous  low  occurrence,  hL. 
frequens  is  not  used  in  the  biostratigraphic  zonation  of  this  hole. 

The  lowest  continuous  occurrence  of  L.-  quadratus  was  observed  in  217- 
20-CC,  it  was  absent  in  217-21-2,  101  cm  (Wind,  1979a).  An  isolated  occurrence 
of  this  species  was  reported  in  217-21-5,  100  cm  (Wind,  1979a;  dotted  square  in 
Figure  11).  The  lowest  occurrence  of  this  species  indicates  the  base  of  the  L- 
quadratus  Zone  (Cepek  and  Hay,  1969)  which  corresponds  to  the  base  of  Zone 
CC25c  (highest  part  of  the  A.-  cvmbiformis  Zone,  Sissingh,  1977). 

The  highest  occurrences  of  K..  levis.  of  X-  ohacelosus.  and  of  £L.  parca 
were  observed  in  217-24-1,  49-50  cm  (these  forms  were  absent  in  23-4,  53-54 
cm).  The  highest  occurrence  of  R..  levis  indicates  the  base  of  the  A.- 
cvmbiformis  Zone  (CC  25,  Sissingh,  1977);  the  other  two  species  are  used  to 
delineate  the  base  of  the  R..  levis  Zone  (CC24)  and  to  subdivide  the  X-  phacelosus 
Zone  (CC23),  respectively.  Further  biostratigraphic  refinement  is  required  to 
distinguish  these  boundaries  or  to  determine  whether  a  hiatus  is  present.  For 
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this  reason  these  biohorizons  were  not  included  in  the  construction  of  the 
sedimentation  rate  curve.  Because  of  the  absence  of  Reinhardtites 
anthophorus  cores  217-24  to  217-26  were  assigned  to  the  lower  part  of  the  1.. 
ohacelosus  Zone  (CC23a.  Sissingh,  1977). 

The  highest  occurrence  of  O.  trifidum  was  observed  in  217-25-CC,  but 
could  not  be  identified  confidently  in  217-24-CC.  Wind  (1979a)  reported  the 
highest  occurrence  of  this  form  in  217-25-2,  76  cm  (absent  in  24-6,  125  cm). 
Thus  the  highest  occurrence  of  Q..  trifidum  is  placed  between  217-25-2,  76  cm 
and  217-24-CC.  This  agrees  with  Bukry  (1974),  but  is  in  contrast  to  Gartner 
(1974)  who  places  this  biohorizon  about  10  m  lower  in  Hole  217.  According  to 
Perch-Nielsen  (1983)  the  highest  occurrence  of  Q..  trifidum  should  be  above 
that  of  E..  parca.  which  is  not  the  case  in  this  hole.  The  highest  occurrence  of 
Q..  trifidum  seems  to  be  a  temporally  narrowly  defined  biohorizon  (compare 
chapter  "Biohorizons";  see  also  Monechi  and  Thierstein,  1985)  and  therefore  it 
was  used  as  the  lowest  point  in  the  construction  of  the  sedimentation  rate 
curve  for  Hole  217. 

Planktonic _ Foraminifera:  The  upper  Maestrichtian  A.-  mavaroensis  Zone 

ranges  from  core  217-23  to  the  K/P  boundary.  The  lowest  occurrence  of  A., 
mavaroensis  was  reported  in  217-23-CC  (487.5  mbsf;  McGowran,  1974);  it  is 
absent  in  sample  217-24-1,  80-82  cm  (488.3  mbsf;  Pessagno  and  Michael,  1974). 
In  the  top  part  of  core  217-24  Abathomohalus  intermedins  is  still  present, 
possibly  indicating  the  mid-Maestrichtian  Gansserina  pansseri  Zone 
(Shipboard  Scientific  Party,  1974).  The  planktonic  foraminiferal  zonation  of 
the  remainder  of  the  Upper  Cretaceous  is  problematic  because  of  the  lack  of 
zonal  marker  species.  The  presence  of  Bolivinoides  draco  miliaris  in  core  217- 
27  indicates  upper  Campanian  to  lower  Maestrichtian,  the  presence  of 
Globotruncana  of  the  arca/rosetta  group  in  core  217-36  suggests  a  Campanian 
age  (Shipboard  Scientific  Party,  1974). 

Age  Model 

Since  no  paleomagnetic  data  are  available  for  DSDP  Hole  217,  the  age 
model  relies  on  nannofossil  and  planktonic  foraminiferal  biostratigraphy.  The 
biohorizons  available  to  construct  the  sedimentation  rate  curve  are  discussed 
in  the  previous  chapter  and  are  listed  in  Table  4.  The  results  are  plotted  in 
Figure  11.  The  depth  assigned  to  each  biohorizon  is  the  average  between  the 


60 


lowest/highest  occurrence  and  the  subsequent  sample  in  which  the  species 
was  not  observed. 

All  flve  biohorizons  can  be  connected  with  one  straight  line.  Since  the 
K/P  boundary  and  the  LO  Q..  trifidum  are  the  best  constrained  datum  points 
available,  they  were  used  to  calculate  the  sedimentation  rate  (15.81  m/m.y.). 


Table  4:  Biohorizons  used  to  construct  the  sedimentation  rate  curve  of  Hole  217 
(HO  =  highest  occurrence.  LO  =  lowest  occurrence).  For  age  assignments  see 
chapter  "Biohorizons".  The  depth  determination  of  each  biohorizon  is 
described  in  the  previous  chapter. 


Boundary/ 

Biohorizon 

Sample  (mbsf) 

average 

Depth 

Age 

K/P  boundary 

16- CC  (421.0) 

17- 1  (421.0) 

421.00 

66.40 

LO  M,-  murus 

18- CC  (440.0) 

19- 3,  100  cm  (444.0) 

442.0 

67.60 

LO  L.  auadratus 

20- CC  (459.0) 

21- 2,  101  cm  (461.51 

460.26 

69.03 

LO  A.  mavaroensis 

23- CC  (487.5) 

24- 1.  80-82  cm  (488.3) 

487.90 

69.67 

LO  0.  trifidum 

24- CC  (497.0) 

25- 2,  76  cm  (499.26) 

498.13 

71.28 

Sed.  rate 
(m/m.v.l 


77.13m/4.88  m.  y.= 

15.81 
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1)  zofutiofi  after  Cepek  and  Hay  (1969),  Bukry  and 
Biamletle  (1970)  and  Sissingh  (1977)  using  data  from 
Gaitner  (1974),  Bukiy  (1974),  Wind  (1979a),  and  this 
study 

2)  McGowran  (1974),  Pessagno  &.  Michael  (1974) 
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LO  =  lowest  occurrence 
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Figure  11:  Sedimentation  rate  curve  for  the  Maesirichiian  section  in  Hole  217. 


slumps  occur  in  Core  528-31  corroborating  geophysical  evidence  for 
reworking  and  erosion  on  the  slope  of  Walvis  Ridge.  The  lower  slump  (528-31- 
6,  90-150  cm)  occurred  within  Chron  C29R  and  had  to  be  subtracted  for  the 
calculation  of  the  lowest  Paleocene  sedimentation  rate. 

Cores  528-39  to  528-47  penetrated  basaltic  basement  rocks  with 
interbedded  upper  Maestrichtian  sediment  (lithologic  unit  IV;  Shipboard 
Scientific  Party,  1984). 

The  K/P  boundary 

In  agreement  with  Manivit  (1984)  the  K/P  boundary  occurs  between 
Cores  528-31  and  528-32.  The  sediments  at  the  very  top  of  Core  528-32  (sample 
528-32-1,  8  cm)  contain  a  moderately  well  preserved  uppermost  Maestrichtian 
assemblage,  including  the  markers  M..  prinsii.  M .  murus  and  fcL-  frequens 
which  indicate  the  upper  part  of  the  tL-  frequens  Zone  (Perch-Nielsen,  1979). 

In  contrast,  the  nannofossil  assemblages  in  528-3 1 -CC  are  poorly  preserved 
and  dominated  by  fragments  of  Thoracosphaera.  Other  persistent  taxa  (£.. 
siemoides.  Neocrepidolithus  spp.,  £..  constans.  M.-  inversus)  are  much  more 
abundant  than  in  the  underlying  core.  Biantholithus  sparsus.  the  first  truly 
Cenozoic  calcareous  nannofossil  taxon,  was  encountered  in  sample  528-31-7, 
58-59  cm,  0.3  m  above  the  boundary  between  Cores  528-32  and  -31.  Manivit 
(1984)  reported  E.-  sparsus  from  sample  528-3 1-CC,  and  the  first  occurrence  of 
C..  primus  in  528-31-5,  150  cm  (405.00m),  indicating  that  the  lower  part  of  NPl 
is  present  between  528-31-CC  and  -31-5,  150  cm  (407.0-405.0  mbsf).  Thus 
calcareous  nannofossils  indicate  that  the  K/P  boundary  is  complete  in  Hole  528 
(i.e.  all  nannofossil  zones  are  present). 

Planktonic  foraminifera  indicate  that  the  K/P  boundary  occurs  between 
Cores  528-31  and  -32  (Boersma,  1984)  in  agreement  with  the  calcareous 
nannofossil  boundary.  A  very  thin  (0.5-lcm),  blue-tinged,  fine-grained 
sediment  layer  occurs  at  the  very  top  of  the  Maestrichtian  at  all  Walvis  Ridge 
Sites,  containing  a  unique  foraminiferal  fauna  (528-32-1,  1  cm;  Boersma.  1984): 
small  individuals,  typical  of  the  upper  Maestrichtian  A.-  mavaroensis  Zone 
together  with  Hedbergella  monmouthensis  and  heavily  costate 
Pseudoguembelina  excolata  characterize  this  layer.  Substantial  amounts  of 
pyrite  were  present  in  the  foraminifera  tests  (Boersma,  1984).  The  £..  eueubina 
Zone  (lowermost  Paleocene)  occurs  in  Core  528-31-CC  to  -31-7,  24  cm  (Boersma, 
1984).  The  sediment  contains  volcanic  glass  and  less  pyrite  than  below  the 
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6)  DSDP  Hole  528 
Location 

DSDP  Hole  S28  is  located  on  the  north  western  slope  of  Walvis  Ridge  in 
the  South-Atlantic  (28®31.49'S;  2®19.44'E)  in  3800  m  waterdepth  (Shipboard 
Scientific  Party,  1984).  The  latitude  of  Walvis  Ridge  during  the  late 
Maestrichtian  was  36®S±1®  (Chave,  1984).  Because  this  hole  reached  basement 
in  the  A.-  cvmbiformis  Zone  only  the  uppermost  Maestrichtian  interval  was 
investigated  in  detail  in  this  study. 

A  conspicuous  cyclical  alternation  of  reddish-brown  and  white 
sediment-layers  occurs  in  the  Maestrichtian  in  Hole  528  (Borella,  1984);  the 
individual  layers  are  about  0.3  to  O.S  m  thick.  It  has  been  argued  that  these 
color  cycles  are  a  record  of  Late  Cretaceous  processional  climate  cyclicity, 
because  the  mean  absolute  period  of  the  color  cycles  (23.5±4.4  kyr)  is  similar 
to  the  predicted  Late  Cretaceous  processional  period  (20.8  kyr;  Herbert  and 
D'Hondt,  1990).  One  of  the  reasons  that  Hole  528  was  included  in  this  study  was 
to  ascertain  whether  and  in  which  way  calcareous  nannofossil  assemblages 
change  in  response  to  the  proposed  climatic  cycles. 

Four  samples  that  were  counted  are  assigned  to  the  lowermost  Paleocene 
because  at  the  beginning  of  the  study  of  this  hole,  the  exact  location  of  the  K/P 
boundary  (within  528-3 1-CC,  or  between  Cores  528-31  and  528-32)  was  unclear. 

Lithology 

About  63  m  (Cores  528-32  to  528-38)  of  upper  Maestrichtian  sediment 
were  penetrated  in  DSDP  Hole  528.  The  sediment  consists  of  foraminiferal 
nannofossil  chalk  interbedded  with  volcanoclastic  turbidite  sandstone 
(lithologic  unit  III,  Shipboard  Scientific  Party,  1984).  Turbidite  sediments 
occur  most  abundantly  in  Cores  528-37  and  528-38  (lithologic  subunit  IIIC). 
Fining  upward  volcanoclastic  sequences  with  varying  clay  content  (10-78%, 
Shipboard  Scientific  Party,  1984)  alternate  irregularly  with  nannofossil 
chalks.  Parallel  laminations,  normal  and  reversed  graded  bedding,  and  Baser 
bedding  are  common  in  the  sandstone  layers.  Scoured  contacts  between  the 
volcanoclastic  and  the  chalky  layers  resulted  from  turbidity  currents. 
Volcanoclastic  turbidites  occur  also  in  Cores  528-32  to  528-37,  but  they  are 
much  rarer  and  thinner.  The  turbidite  beds  as  reported  in  the  core  description 
of  Hole  528  (Shipboard  Scientific  Party,  1984)  are  shown  in  Figure  12.  Two 


64 


boundary.  Inverse  to  the  trend  in  nannofossil  preservation,  foratniniferal 
preservation  is  better  above  the  boundary  than  below  (moderately  well  versus 
poor).  Based  on  comparison  of  planktonic  foraminiferal  biohorizons  (LADs, 
FADs)  in  this  section  with  those  in  more  expanded,  epicontinental  K/P  sections 
(Brazos  River  and  El  Kef)  MacLeod  and  Keller  (1991)  argue  that  a  hiatus  of  100 
to  250  kyr  exists  at  the  K/P  boundary  in  Hole  528;  it  is  unclear  if  this  hiatus 
occurs  exclusively  in  the  Paleocene  or  if  it  extends  into  the  Maestiichtian. 

Magnetostratigraphy 

Paleomagnetic  measurements  were  performed  on  samples  taken  at  30-60 
cm  intervals  in  undisturbed  cores  (Chave,  1984).  Demagnetizing  fields  of  15-30 
mT  were  sufficient  in  most  cases  to  remove  any  magnetic  overprint.  All 
samples  were  measured,  demagnetized,  and  measured  again  (Chave,  1984).  The 
natural  remanence  of  the  sediments  proved  to  be  very  strong  and  yielded 
essentially  the  same  stratigraphic  interpretation  as  the  demagnetized  results 
(Chave,  1984).  Walvis  Ridge  Holes  525 A  and  527  have  better  recovery  and 
therefore  more  complete  paleomagnetic  records  than  528.  Comparison  of  the 
paleomagnetic  record  of  528  with  those  of  525A  and  527  and  integration  of 
micropaieoniological  data  yielded  consistent  paleomagnetic  interpretation  of 
the  four  Walvis  Ridge  Sites. 

The  following  magnetochrons  were  identified  in  Hole  528  (Figure  12): 
the  K/P  boundary  occurs  close  to  the  top  of  a  reverse  interval  (Chron  C29R). 
The  boundary  to  the  underlying  normal  interval  is  very  sharp  (Chave,  1984); 
it  occurs  between  Sections  528-32-4  and  -5.  Micula  murus  first  occurs  in  the 
upper  half  of  this  long  normal  interval  indicating  Chron  C30N  (Monechi  and 
Thierstein,  1985).  The  normal  interval  extends  down  to  the  base  of  Core  528-37. 
Very  low  values  of  inclination  ocurred  in  the  top  half  of  Core  528-33  (ca.  417- 
420.5  mbsf;  Cliave,  1984).  Lithraphidites  quadratus  was  observed  to  have  its 
first  occurrence  very  close  to  the  base  of  the  long  normal  interval  (Manivit, 
1984),  indicating  Chron  C31N  (Monechi  and  Thierstein,  1985).  The  short 
reverse  Chron  C30R  was  not  identified  in  Hole  528.  The  boundary  with  the 
underlying  reverse  interval  could  not  be  established  precisely,  because  of 
turbiditic  sediments  in  the  upper  two  sections  of  Core  528-38.  The  lowermost 
sediments  above  the  uppermost  basalts  of  Hole  528  (lower  half  of  Core  528-38) 
are  of  reverse  polarity,  representing  Chron  C31R. 
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Age  Model  (Table  5  and  Figure  12) 

The  sedimentation  rate  of  the  lowermost  Paleocene  was  calculated  using 
the  K/P  boundary  and  the  29N/29R  boundary. 

Two  paleomagnetic  boundaries  (29R/30N  and  31N/31R),  the  K/P 
boundary  and  two  biohorizons  (lowest  occurrence  of  M.-  murus.  LO  L.- 
quadratus)  are  available  to  construct  the  sedimentation  rate  curve  for  the 
upper  Maestrichtian.  The  age  estimate  assigned  to  the  lowest  occurrence  of  M 
murus  is  an  average  calculated  from  the  four  South  Atlantic  sites  listed  in 
chapter  "Biohorizons"  (see  discussion  there).  The  K/P  boundary  the  29R/30N 
boundary  and  the  lowest  occurrence  of  M..  murus  can  be  connected  with  a 
straight  line,  corresponding  to  a  sedimentation  rate  of  19.56  m/m.y.  The  age  of 
the  lowest  occurrence  of  M..  murus  thus  obtained  (67.4  Ma)  is  used  as  the  upper 
tie-point  for  the  sedimentation  rate  in  the  lower  portion  of  the  section  which 
is  about  20  m/m.y. 


Table  5:  Sedimentation  Rates  in  the  lowermost  Paleocene  and  Upper  Cretaceous 
in  Hole  528. 


Boundary 

Depth*)2) 

Age^^ 

Sed.  Rate 

(mbsf) 

tMal 

(m/m.v.l 

29N/29R 

406.0 

66.17 

1 .0-0.6m(slump)/0.23m.y. 

=  1.74 

K/P  boundary 

407.0 

66.14 

6.65m/0.34m.y.  = 

19.56 

29R/30N 

413.65 

66.74 

19.56 

LO  M.  murus 

424.47 

67.40 

40.53m/2.0m.y.  = 

20.27 

31N/31R 

465.0 

69.40 

magnetostratigraphy  after  Chave  (1984) 

biostratigraphy  after  Manivit  (1984),  Boersma  (1984)  and  own  observations 
after  Berggren  et  al.  (1985)  and  Kent  and  Gradstein  (1985) 


A.  inayaroentif  Zone 


7)  Miller's  Ferry  Section  (Hole  226),  Alabama 


The  Cretaceous/Paleocene  sequence  near  Millers  Ferry  (Alabama)  was 
cored  by  the  U.S.  Army  Corps  of  Engineers  during  the  construction  of  the 
Millers  Ferry  Dam  on  the  Alabama  River.  The  samples  included  in  this  study 
are  from  one  of  the  boreholes  drilled  (Hole  226)  and  were  supplied  by  R.  K. 
Olsson  (Rutgers  University).  This  core  represents  a  low  latitude,  epicontinental 
section.  Its  latitude  in  the  latest  Cretaceous  was  about  30°-35°N 
(paleocontinental  reconstructions  of  Smith  and  Briden,  1977,  and  of  Firstbrook 
et  al.,  1979).  The  sequence  recovered  in  Millers  Ferry  Hole  226  consists  of 
Upper  Cretaceous  chalk  of  the  Prairie  Bluff  Formation  and  of  lower  Paleocene 
sandstone,  siltstones,  and  marls  of  the  Pine  Barren  Member  (Clayton 
Formation).  Planktonic  foraminifera  in  this  section  were  investigated  by  Liu 
(1992)  who  placed  the  K/P  boundary  at  the  top  of  the  Prairie  Blu.^’f  Chalk,  a 
level  where  Guemhelitria  cretacea  increases  in  relative  abundance.  The  upper 
Maestrichtian  marker  species  mayaroensis  is  absent  in  Millers  Ferry  (e.g. 
Mancini  et  al,  1989).  Liu  (1992)  reports  that  the  lowermost  planktonic 
foraminiferal  zone  (PO)  is  missing  in  Hole  226,  indicating  a  short  hiatus  at  the 
K/P  boundary. 

Investigation  of  the  calcareous  nannofossils  in  Hole  226  showed  that  the 
uppermost  Maestrichtian  marker  fossils  of  low  latitudes,  Micula  murus  and 
Micula  prinsii.  as  well  as  the  high  latitude  marker  species  Nephrolithus 
frequens  arc  present  (Olsson  et  al,  1992).  Consequently,  the  absence  of  A.- 
mayaroensis  must  be  explained  as  environmental  exclusion  and  not  as  the 
consequence  of  a  hiatus.  Immediately  above  the  level  where  Liu  (1992)  placed 
the  K/P  boundary  there  is  a  conspicuous  increase  of  Cvclagelosphaera  spp., 
similar  to  ODP  Hole  76 1C,  but  Cretaceous  (vanishing)  nannofossil  taxa  still 
dominate  the  assemblage  in  the  lowermost  Paleocene  samples.  The  lowest 
occurrence  of  Biantholithus  sparsus  was  observed  in  sample  #5,  4  cm  above 
the  K/P  boundary. 

Age  Model 

Few  constraints  exist  in  the  Maestrichtian  portion  of  this  section  to 
estimate  the  sedimentation  rate.  Paleomagnetic  data  are  not  available;  the 
zonal  boundary  between  the  M.-  prinsii  Zone  and  the  M.-  murus  Zone  is  not 
present  in  the  core,  M.-  prinsii  occurs  throughout;  a  hiatus  is  present  in  this 
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hole  in  the  lowermost  Paleocene  (planktonic  foraminiferal  zone  PO  is  absent: 
Liu,  1992)  and  it  is  unclear  whether  this  hiatus  is  restricted  to  the  Paleocene  or 
whether  it  extends  down  into  the  Maestrichtian.  Because  of  these  uncertainties 
only  a  minimum  estimate  of  the  sedimentation  rate  can  be  given  based  on  the 
fact  that  M.-  prinsii  is  present  throughout  the  section.  The  average  duration  of 
the  M.-  prinsii  Zone  is  0.23  m.y.  (see  chapter  Biohorizons),  leading  to  an 
estimated  minimum  sedimentation  rate  of  10.2  m/m.y.  This  figure  is 
comparable  to  the  sedimentation  rates  of  upper  Maestrichtian  chalks  in  the 
other  sites  included  in  this  study  (12.7-19.6  m/m.y;  Holes  217  and  528, 
respectively). 

In  comparison,  a  sedimentation  rate  of  5.1  m/m.y.  was  reported  for  the 
upper  Maestrichtian  section  near  Braggs,  Alabama  (Channell  and  Dobson, 

1989).  But  the  presence  of  (at  least)  one  hiatus  of  unknown  duration 
(minimum  80  000  years,  Channell  and  Dobson,  1989)  in  the  Braggs  section,  as 
well  as  different  lithology  (predominantly  clastic;  Copeland  and  Mancini, 

1986)  make  a  direct  comparison  of  sedimentation  rates  between  the  two 
sections  difficult. 

For  this  study  a  sedimentation  rate  of  10  m/m.y.  is  adopted  to  estimate 
sample  ages  in  the  Millers  Ferry  section  and  I  assume  that  the  hiatus  in  the 
lowest  Paleocene  does  not  extend  into  the  Maestrichtian. 
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CHAPTER  4 
RESULTS 


1)  ODP  Hole  690C 

(A)  Differences  between  the  early  and  the  late  Maestrichtian 

The  number  of  taxa  recorded  in  each  sample  decreased  from  about  30-40 
taxa  per  sample  in  the  early  Maestrichtian  to  less  than  25  taxa  per  sample  in 
the  late  Maestrichtian  (Figure  13a).  The  anomalously  low  values  at  about  72.1 
Ma  and  at  about  75  Ma  were  recorded  in  poorly  preserved  samples  and  are  not 
considered  to  reflect  a  genuine  diversity  decrease  at  these  levels.  The  diversity 
decrease  occurred  rather  abruptly  between  71.1  and  70.4  Ma.  There  is  a  slight 
decrease  in  preservation  between  these  two  samples  (from  moderate 
preservation  at  71.1  Ma  to  moderately  poor  preservation  at  70.4  Ma)  but  I 
consider  it  too  small  to  cause  the  diversity  decrease  from  34  to  19  taxa. 

The  species  that  shows  the  most  pronounced  abundance  increase  from 
the  early  to  the  late  Maestrichtian  is  Prediscosphacra  stoveri  (Figure  13b). 

This  species  constituted  <10%  of  the  assemblage  in  most  samples  in  the  lower 
Maestrichtian.  After  -70  Ma  the  abundance  of  this  species  increased  rapidly;  it 
constituted  40-60%  of  the  entire  assemblage  during  most  of  the  latest 
Maestrichtian  (67-66.4  Ma)  with  a  peak  value  of  >80%.  The  relative  abundances 
given  for  £..  stoveri  are  percentages  of  the  entire  nannofossil  assemblage.  In 
contrast,  the  abundances  given  for  all  other  taxa  were  calculated  exclusive  of 
E.  stoveri:  otherwise  the  mass  occurrence  of  P.  stoveri  during  the  late 
Maestrichtian  would  have  largely  obscured  the  abundance  fluctuations  of 
other  taxa. 

The  majority  of  nannofossils  that  disappeared  close  to  the  early/late 
Maestrichtian  boundary  are  representatives  of  typical  austral  taxa  that  were 
either  unknown  or  extremely  rare  at  middle  and  low  latitudes.  They  include 
BiS£muni  masnum.  Chiastozvgus  garrisonii.  Monomarginatus  spp., 
Misgcomarginaius  spp.,  Neocreoidolithus  watkinsii.  Neohrolithus  corvstus. 
Phanulithus  obscurus.  Psvktosphaera  firthii  and  Reinhardtites  spp.  (Figure 
14a  -  h).  All  of  these  taxa  are  common  or  abundant  in  the  early  Maestrichtian. 
The  following  taxa  were  present  as  minor  components  (less  than  about  2%) 
during  the  early  Maestrichtian,  but  were  absent  during  the  late  Maestrichtian: 
Biscutum  llQJctum.  Biscutum  coronum.  Biscutum  dissimilis.  Biscutum  sp.  1, 
Bismium  sp.  2,  Qilastozygus  amohipons.  Chiastozvgus  sp.  1,  Octocvclus  magnus. 
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Figure  13:  (a)  Taxon  richness  in  Hole  690C  plotted  against  age.  Note  the 
pronounced  abundance  decrease  between  ~71  -  70  Ma.  (see  text  for  discussion), 
(b)  Relative  abundance  of  Prediscosphaera  stoveri  in  Hole  690C.  This  species 
becomes  very  abundant  in  the  late  Maestrichtian. 
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Figure  14:  Relative  abundances  (%)  of  nannofossil  taxa  which  decrease  in 
abundance  during  the  Maestrichtian  in  Hole  690C.  (Percent  were  calculated 
exclusive  of  £.  stoveri.l 
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Scapholithus  fossilis.  Staurolithites  laffittei.  Zvgodiscus  compactus.  and 
Zvgodiscus  diplogrammus  (Figure  15a  -  h;  Figure  16a  -  d). 

Several  taxa  displayed  higher  relative  abundances  in  the  early  than  in 
the  late  Maestrichtian  assemblages.  Biscutum  aotaculum  (Figure  16e)  shows 
this  trend  most  pronouncedly:  it  reached  peak  values  of  almost  40%  during  the 
early  Maestrichtian,  drops  to  less  than  5%  between  71.1  Ma  and  70.4  Ma  (which 
is  coeval  with  the  diversity  decrease)  and  was  absent  from  the  counts  in  almost 
the  entire  upper  Maestrichtian  interval  (Figure  16e).  A  very  similar  trend  was 
observed  for  the  group  A.-  octoradiata  and  E.  regularis  (Figure  160:  while 
common  to  abundant  during  the  early  Maestrichtian  and  up  to  71.1  Ma  (about 
10-15%)  this  group  drops  to  almost  0%  at  70.4  Ma  and  remains  at  values  below 
5%  during  most  of  the  late  Maestrichtian.  Other  taxa  that  occurred  commonly 
or  rarely  during  the  early  Maestrichtian  but  were  extremely  rare  or  absent 
during  the  late  Maestrichtian  include  Biscutum  constans.  Discorhahdus 
ignolus.  PlacaaLygUS  bussonii.  Prediscosphaera  arkhangelskvi.  Rhombolithion 
rbombicum.  and  Watznaueria  barnesae  (Figure  17a  •  0-  Thoracosohaera  spp. 
and  Vagalapilla  spp.  decrease  in  abundance  between  the  early  and  the  late 
Maestrichtian.  but  are  common  to  rare  in  both  intervals  (Figure  17g,  h). 

Nephrolithus  frequens  (Figure  18a)  is  the  only  taxon  that  evolved 
during  the  late  Maestrichtian.  This  species  was  absent  prior  to  ~71  Ma,  but 
constituted  over  20%  of  the  assemblage  where  it  was  first  observed  (at  about 

70.4  Ma).  During  the  late  Maestrichtian  this  species  constituted  up  to  40%  of 
the  entire  assemblage.  Two  other  taxa  are  almost  completely  absent  during  the 
early  Maestrichtian,  but  are  important  assemblage  elements  during  the  late 
Maestrichtian:  Cribrosphaerellaf?)  daniae  (Figure  18b)  increased  from  about 
1%  at  71.1  Ma  to  >15%  at  70.4  Ma,  dropped  again  to  values  <5%  between  about 

69.5  Ma  and  68.4  Ma,  and  reached  abundances  of  up  to  >10%  in  the  latest 
Maestrichtian  (67-66.4  Ma).  Similarly,  G..  fessus  (Figure  18c)  was  absent  in  most 
samples  prior  to  about  70  Ma,  it  was  present  in  low  abundances  (<1%)  between 
about  70  and  68  Ma,  and  reached  values  up  to  almost  8%  in  the  latest 
Maestrichtian  (about  67-66.4  Ma).  Cretarhabdus  spp.,  Q_.  ehrenbergii.  K. 
mit&nificus.  L-  caveuxii.  E-  fibuliformis.  and  E-  cretacea  (Figures  1 8d-h  and 
19a)  were  common  to  abundant  during  the  entire  Maestrichtian  and  showed  a 
slight  abundance  increase  from  the  early  to  the  late  Maestrichtian. 
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Figure  15:  Relative  abundances  (%)  of  nannofossil  taxa  which  decrease  in 
abundance  during  the  Maestrichtian  in  Hole  690C.  (Percent  were  calculated 
exclusive  of  P.  stoveri.) 


Figure  16:  Relative  abundances  (%)  of  nannofossil  taxa  which  decrease  in 
abundance  during  the  Maestrichtian  in  Hole  690C.  (Percent  were  calculated 
exclusive  of  stoveri.! 
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Figure  17:  Relative  abundances  (%)  of  nannofossil  taxa  >vhich  decrease  in 
abundance  during  the  Maestrichtian  in  Hole  690C.  (Percent  were  calculated 
exclusive  of  P.  stoveri.l 


Figure  18:  Relative  abundances  (%)  of  nannofossil  taxa  in  Hole  690C.  (Percent 
were  calculated  exclusive  of  P .  stoveri. ) 
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Hardly  any  changes  between  the  abundances  in  the  early  and  the  late 
Maestrichtian  are  apparent  in  Arkhangelskiella  spp.  and  Broinsonia  spp. 
(possibly  a  slight  increase?),  £.•  turriseiffeli  (possibly  slight  decrease?), 
Gartnerago  spp.,  M.-  staurophora  (possibly  slight  increase?),  and  £.  spillflSa 
(possibly  slight  decrease;  Figure  19b-0;  all  of  these  taxa  are  common  to 
abundant  throughout  the  Maestrichtian,  except  for  M.-  staurophora  which  is 
rare  (<3%,  Figure  19e). 

B)  Abundance  Changes  of  Calcareous  Nannofossils  Between  66.90 
and  66.40  Ma 

Taxon  Richness:  Taxon  richness  remained  essentially  constant  during 
most  of  the  latest  Maestrichtian  (16-21  taxa;  Figure  20a).  A  slight  diversity 
decrease  is  discernible  around  66.45  Ma.  possibly  due  to  dissolution  effects  in 
several  poorly  preserved  samples  around  this  level.  A  diversity  increase 
followed  these  low  values  and  continued  up  to  the  K/P  boundary;  in  two 
samples  immediately  preceding  the  K/P  boundary  the  highest  diversity  values 
of  the  latest  Maestrichtian  interval  were  recorded  (23  taxa,  Figure  20a).  These 
high  values  are  due  to  increasing  abundances  of  the  persistent  taxa  (S.. 
constans.  M.-  inversus.  Neocrepidolithus  spp.,  E-  sigmoides.  Thoracosphaera 
spp.;  Figure  20b-f)  resulting  in  their  constant  recognition  in  the  counts 
performed.  In  addition,  typical  incoming  species  (Hornibrookina. 
Cruciplacolithusl  were  encountered  in  several  samples  before  the  K/P 
boundary  and  artificially  increased  the  diversity;  their  presence  is 
interpreted  as  a  consequence  of  heavy  bioturbation  of  the  K/P  boundary 
interval  (see  also  the  discussion  in  Pospichal  et  al.,  1990). 

Relative  abundance:  Several  taxa  show  very  conspicuous  abundance 
variations  during  the  latest  Maestrichtian.  Lucianorhabdus  caveuxii  displays 
the  most  pronounced  abundance  changes  (Figure  20g):  it  is  common  to 
abundant  between  about  66.78  and  66.90  Ma.  but  is  virtually  absent  between 
~66.76  and  66.61  Ma;  it  increases  in  abundance  again  after  66.60  Ma  and 
constitutes  up  to  >30%  of  the  assemblage  during  most  of  the  last  200  ky  of  the 
Maestrichtian.  However,  a  constant  decline  begins  at  about  66.44  Ma  and 
continues  until  the  K/P  boundary;  in  the  youngest  samples  investigated  this 
species  constitues  <5%  of  the  entire  assemblage. 
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Figure  19:  Relative  abundances  (%)  of  nannofossil  taxa  in  Hole  690C.  (Percent 
were  calculated  exclusive  of  P.  stoveri.l 
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Figure  20:  Relative  abundances  (%)  of  nannofossil  taxa  in  the  latest 
Maestrichtian  (~66.4  -  66.9  Ma)  in  Hole  690C.  The  K/P  boundary  lies  at  66.4  Ma. 
(Percent  were  calculated  exclusive  of  E-  stoveri.l 
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Micula  staurophora  is  an  order  of  magnitude  rarer  than  Ll.  caveuxii  but 
shows  similar  abundance  variations  (Figure  20h).  It  is  rare  (<1%)  prior  to 
about  66.78  Ma,  virtually  absent  between  about  66.78  and  66.62  Ma.  and 
comparatively  more  abundant  (up  to  3%)  between  ~66.78  Ma  and  66.52  Ma. 

After  ~66.52  Ma  it  is  very  rare  again  (virtually  always  <1.5%)  and  was  not 
encountered  during  the  counts  in  many  samples. 

Placozvgus  fibuliformis  (Figure  21a)  displays  abundance  variations  that 
are  almost  exactly  opposite  to  those  of  L-  caveuxii:  Placozvgus  fibuliformis 
increases  in  abundance  from  <2%  to  2-6%  between  66.78  and  66.76  Ma.  At  about 
66.58  Ma  it  reaches  its  peak  abundance  (>6%),  and  then  drops  precipituously  to 
very  low  values  (<1%)  at  about  66.56  Ma;  E.  fibuliformis  remained  a  minor 
component  in  the  latest  Maestrichtian  assemblage. 

Microrhabdulus  decoratus.  a  very  rare  species  (always  <1%;  Figure  21b) 
was  more  often  encountered  during  the  interval  when  E.  fibuliformis  showed 
increased  abundance. 

It  must  be  pointed  out  that  L..  caveuxii  and  M.-  staurophora  on  one  hand, 
and  E-  fibuliformis  (and  M..  decoratus)  on  the  other,  are  not  mutually  exclusive; 
all  four  laxa  occur  together  between  about  66.60  and  66.57  Ma.  This  overlap 
cannot  result  from  bioturbation  since  E-  fibuliformis  and  M.-  staurophora  show 
very  sudden  abundance  changes,  whereas  bioturbation  would  tend  to  smear 
out  abrupt  changes. 

Glaukolithus  fessus  increases  in  abundance  from  about  66.85  Ma  (<2%)  to 
about  66.63  Ma  (almost  8%;  Figure  21c).  High,  but  strong  fluctuations  (4-8%) 
occur  between  ~66.63  and  66.58  Ma  after  which  a  fairly  abrupt  abundance 
decrease  occurred  (between  66.58  and  66.56  Ma)  to  values  <1%.  This  decrease 
was  coeval  with  the  abundance  decrease  in  E  fibuliformis.  Strongly 
fluctuating  abundance  values  (between  0  and  >4%)  occur  in  this  species 
during  the  last  150  ky  of  the  Maestrichtian  (66.55  to  66.40  Ma). 

Ahmuellerella  octoradiata  and  P.  regularis  (Figure  21d)  were  grouped 
together  at  this  site,  because  these  species  could  not  be  differentiated 
consistently  in  all  samples  due  to  poor  preservation  in  some  samples.  However, 

I  believe  that  almost  all  specimens  included  in  this  group  belong  to  A.- 
octoradatia.  During  most  of  the  latest  Maestrichtian  this  group  represents  <5% 
of  the  assemblage.  The  abundance  variations  arc  similar  to  those  of  C..  fessus: 
an  abundance  increase  occurs  between  -66.80  and  66.63  Ma  where  maximum 
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values  of  >4%  were  recorded.  Subsequently  values  decreased  again  to  about  1% 
or  less  at  66.55  Ma  and  remained  low  for  the  remainder  of  the  Maestrichtian. 
During  the  very  latest  part  of  the  Maestrichtian  (66.40  to  66.46  Ma)  high 
abundance  fluctuations  occurred  (between  0  and  4%). 

Kamptnerius  magnificus  reached  two  abundance  maxima  in  the  early 
part  of  the  latest  Maestrichtian  (at  ~66.84  and  at  66.81  Ma)  when  this  species 
constituted  between  25  and  30%  of  the  entire  assemblage  (Figure  21e).  Apart 
from  these  isolated  peak  values,  the  abundance  of  K.-  magnificus  changed  only 
little  during  the  last  0.5  m.y.  of  the  Maestrichtian.  A  slight  decrease  in 
abundance  occurred  at  -66.60  Ma  (from  values  around  13%  to  <10%).  This  is  at 
the  time  when  L..  caveuxii  and  M.-  staurophora  increased  in  abundance;  it  is 
possible  that  this  decrease  of  K.-  magnificus  is  only  an  effect  of  the  closed  sum 
of  the  calculation  of  percentages.  At  -66.52  Ma  abundance  values  increased 
again  and  between  this  time  and  the  K/P  boundary  values  fluctuated  between  5 
and  15%. 

Eiffellithus  turri<seiffeli  varied  considerably  in  relative  abundance 
during  the  latest  Maestrichtian  (Figure  21f):  very  low  values  (<1%)  occur  at 
-66.84  and  at  66.81  Ma.  An  abundance  peak  of  about  5%  occurred  at  -66.72  Ma; 
after  this  maximum  values  decreased  to  about  1%  and  remained  low  until  about 
66.61  Ma.  Eiffellithus  turriseiffeli  became  more  abundant  (-2-4%)  between 
about  66.60  and  66.57  Ma.  This  is  also  the  time  when  P.  fibuliformis  and  L- 
caveuxii  occurred  together.  Close  to  66.57  Ma  the  abundance  ot  E..  turriseiffeli 
declined  to  low  values  (about  1%).  As  G.  fessus.  E.  turriseiffeli  displayed 
somewhat  higher  and  highly  variable  abundance  during  the  last  150  ky  of  the 
Maestrichtian  (between  about  66.55  and  66.40  Ma). 

Crihrosphaerella  ehrenhergii  constituted  about  2%  of  the  assemblage 
during  the  early  part  of  the  latest  Maestrichtian  (between  about  66.91  and 
66.60  Ma;  Figure  21g).  It  reached  a  peak  abundance  of  >6%  at  -66.595  Ma  and 
decreased  again  to  lower  values  -2%.  Fairly  variable  values  were  recorded 
between  about  66.55  and  66.40  Ma. 

Vagalapilla  spp.  displayed  very  low  abundances  at  66.835  and  at  66.81  Ma 
(Figure  21h);  between  66.75  and  66.69  Ma  relative  abundance  values  of  this 
group  of  species  lay  between  2  and  ^  subsequently  they  decreased  and 
fluctuated  around  1%  while  isolated  peaks  occurred  at  66.57  Ma  (>3.5%),  at  66.45 
Ma  (5.5%)  and  at  66.43  Ma  (about  4%). 
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The  abundance  of  Gartnerago  spp.  decreased  gradually  throughout  most 
of  the  latest  Maestrichtian  (Figure  22a)  from  about  2.5%  at  66.91  Ma  to  <1%  at 
~66.55  Ma.  A  peak  abundance  of  3.5-4%  occurred  between  -66.54  to  66.53  Ma. 
During  the  latest  Maestrichtian  (66.40  to  66.46  Ma)  abundance  values  ot  species 
of  this  genus  displayed  considerable  variability  (0  -  -3%). 

During  most  of  the  latest  Maestrichtian  the  relative  abundance  of 
frequens  (Figure  22b)  remained  constant  around  25%  (±  -5%).  However,  its 
abundance  increased  to  values  between  30-40%  during  the  very  latest 
Maestrichtian  (between  about  66.43  and  66.41  Ma). 

Abundance  values  of  £.  spinosa  fluctuated  around  4%  (±  -2%;  Figure 
22c)  during  most  of  the  latest  Maestrichtian  (-66.91  -  66.48  Ma);  after  about 
66.48  Ma  its  abundance  decreased  to  values  averaging  1%  (0-4%). 

The  relative  abundance  of  the  group  of  Arkhangelskiella  spp.  and 
Broinsonia  spp.  remained  fairly  constant  throughout  the  late  Maestrichtian 
(Figure  22d).  Abundance  peaks  were  recorded  at  -66.84  and  at  -66.81  Ma,  and  at 
-66.605  Ma.  This  group  displayed  conspicuous  abundance  variations  during  the 
latest  Maestrichtian  (between  about  66.46  and  66.40  Ma). 

Prediscosphaera  cretacea  was  among  the  more  abundant  taxa  (Figure 
22e),  constituting  on  average  around  10%  of  the  late  Maestrichtian 
assemblage.  Lower  abundance  values  occurred  at  -66.84  and  at  -66.81  Ma,  and 
an  abundance  peak  of  almost  10%  above  the  longterm  average  (i.e.  >20%  vs. 
-10%)  occurred  between  -66.67  and  66.63  Ma. 

Prediscosphaera  stoveri  predominated  in  the  latest  Maestrichtian 
assemblage.  This  species  constituted  about  70%  of  all  calcareous  nannofossils 
prior  to  -66.85  Ma  (Figure  220,  its  abundance  decreased  sharply  at  -66.84  Ma, 
but  recovered  subsequently  and  reached  an  unprecedented  peak  of  almost  80% 
at  about  66.73  Ma.  Afterwards  the  abundance  of  E-  stoveri  decreased  to  -50%  (at 
-66.67  Ma)  and  remained  close  to  this  abundance  during  the  remainder  of  the 
latest  Maestrichtian  (Figure  220- 

Abundance  values  of  Cretarhabdus  spp.  changed  little  during  the  latest 
Maestrichtian  (Figure  22g).  Only  around  66.50  Ma  two  very  low  values  were 
recorded.  During  the  very  late.st  part  of  the  late  Maestrichtian  (-66.48  to  66.40 
Ma)  the  abundance  values  of  the  species  of  Cretarhabdus  displayed  a  higher 
intersample  variability  than  throughout  the  earlier  part. 


84 


*)P.cf«»ce«(*)  OP  «(n'cri(«)  t)  Oaxiubdiu  tpp.  («) 


Figure  22:  Relative  abundances  (%)  of  nannofossil  taxa  in  the  latest 
Macstrichtian  (-66.4  -  66.9  Ma)  in  Hole  690C.  The  K/P  boundary  lies  at  66.4  Ma. 
(a)  to  (e)  and  (g):  Percent  were  calculated  exclusive  of  E..  stoveri. 
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Absolute  abundance  and  fluxes:  The  number  of  coccoliths  and 
nannoliths  (exclusive  of  the  placoliths  E..  stoveri>  that  were  observed  per 
viewfleld  are  plotted  in  Figure  23a.  High  values  prior  to  ~66.84  Ma  are  followed 
by  a  pronouncedly  lower  values  between  ~66.84  and  66.78  Ma.  Subsequently, 
values  increased  again  and  reached  maxima  between  ~66.75  -  66.66  Ma. 

Between  -66.66-66.55  Ma  the  numbers  of  placoliths  per  viewfield  decreased 
steadily,  and  remained  at  a  constant  level  between  -66.55  and  66.40  Ma.  A 
similar  trend  was  observed  in  the  abundance  variations  of  the  number  of 
placoliths  of  £.  stoveri  between  66.90  and  66.40  Ma  (Figure  24a). 

In  the  curve  of  coccoliths  and  nannoliths  per  viewfield  (Figure  23a)  low 
values  occur  at  -66.83  Ma,  -66.81  Ma  and  at  -66.74  Ma.  These  correspond  to  a 
reduction  of  nannofossil  specimens  of  80%  and  70%,  respectively.  Micarb 
(microcrystalline  carbonate)  is  much  more  abundant  in  these  samples  than  in 
the  adjacent  ones.  This,  as  well  as  the  relative  enrichment  of  dissolution 
resistant  taxa  (according  to  Thierstein,  1980)  at  these  levels  (L..  caveuxii.  K- 
magnificus.  Arkhangelskiella  spp.  and  Broinsonia  spp.;  Figures  20g,  21e,  22d) 
and  the  massive  reductions  of  dissolution  susceptible  taxa  (c.g.  Q..  fessus.  £. 
turriseiffeli.  Vagalapilla  spp.,  P.  spinosa:  Figures  21c,  f,  h,  22c),  suggest  that 
the  low  values  of  calcareous  nannofossils  per  viewfield  do  not  correspond  to  a 
primary  signal  but  reflect  extensive  dissolution.  The  older  two  outlier  values 
are  also  apparent  in  the  curve  of  E.  stoveri  (Figure  220,  but  the  value  at  66.74 
Ma  is  not  unusually  low. 

The  long  term  abundance  reduction  of  E-  stoveri  as  well  as  of  the  sum  of 
all  other  coccoliths  and  nannoliths  after  -66.70  Ma  is  considered  to  be  a 
genuine  signal  rather  than  an  artifact  of  deteriorating  preservation; 
examination  of  the  preparations  did  not  reveal  long  term  trends  of  changing 
preservation  or  increasing  micarb  content  upsection;  relative  abundances  of 
dissolution  resistant  taxa  do  not  increase  in  concert  with  the  falling 
"specimens-per-viewfield"  curves  (L.-  caveuxii.  Figure  20g;  K-  magnificus. 

Figure  21e;  Arkhangelskiella  and  Broinsonia.  Figure  22d),  nor  do  dissolution 
susceptible  taxa  display  systematic  decreases  (e.g.  E..  turriseiffeli.  Figure  2 If; 
Vagalapilla  spp..  Figure  21h;  E  spinosa.  Figure  22c). 

The  numbers  of  coccoliths  and  placoliths  per  gram  sediment  and  per 
gram  carbonate  as  well  as  the  fluxes  derived  from  these  data  are  plotted  in 
Figure  23b-e).  The  same  calculations  were  performed  for  E-  stoveri  and  the 


Figure  23;  Abundance  fluctualions  of  coccoiitns  ana  nai 
latest  Maestrichtian  in  Hole  690C.  All  data  exclusive  of  E- 


Maestrichtian. 


data  plotted  in  Figure  24b-e.  These  plots  reiterate  the  trends  observed  in  the 
curves  of  specimens  per  viewfields  as  discussed  above.  The  graphs  of  the 
fluxes  of  calcareous  nannofossils  (Figure  23c  and  e)  indicate  that  the  elevated 
values  between  about  66.72  and  66.60  Ma  represent  a  brief  excursion  over 
lower  background  values  (60-80x10*  versus  20-40x10*  specimens/cm^ky). 
Also  the  flux  of  £..  stoveri  shows  a  pronounced  increase  in  about  the  same 
interval  (Figure  24e). 

The  decrease  of  absolute  abundances  of  calcareous  nannofossils  during 
the  latest  Maestrichtian  is  not  reflected  in  a  similar  decrease  of  the  carbonate 
content.  The  discrepancy  between  these  two  curves  is  most  likely  accounted 
for  by  the  increase  of  foraminifera  as  a  sedimentary  component  during  this 
time  interval  (compare  Figure  5  in  Chapter  3  on  page  37). 
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2)  ODP  Hole  761B  and  ODP  Hole  761 C 


(A)  Long  term  trends:  Hole  761B 

The  taxon  richness  recorded  in  all  samples  in  Hole  76 IB  is  plotted 
against  age  in  Figure  25.  An  increase  in  species  richness  from  about  30-35  taxa 
per  sample  to  values  between  about  40-45  occurs  throughout  the  entire  section 
investigated.  This  increase  is  more  pronounced  between  about  71-69  Ma  than 
afterwards. 

All  relative  abundances  that  are  discussed  below  were  calculated 
exclusive  of  M..  staurophora. 

Lithraphidites  quadratus  and  L.-  oraequadratus  both  were  beyond  the 
detection  limit  prior  to  about  69.5  Ma.  After  that  both  taxa  increased  in 
abundance  (Figure  26a,  b);  this  increase  was  very  abrupt  and  pronounced  in  L.- 
praequadratus.  which  remained  at  about  the  same  abundance  level  (~3%)  for 
the  remainder  of  the  Maestrichtian.  In  contrast,  L.-  quadratus  was  always  rarer 
(hardly  ever  exceeding  1%),  but  increased  steadily  in  relative  abundance 
between  69  Ma  and  the  K/P  boundary.  Tranolithus  macloedae  (Figure  26c)  was 
absent  prior  to  about  69.5  Ma.  Subsequently  it  was  encountered  in  most  samples 
but  remained  a  minor  component  of  the  nannofossil  assemblages  (<2%). 

Biscutum  constans  (Figure  27a)  is  one  of  the  taxa  displaying  more  or  less 
constant  abundances  (around  5%)  throughout  the  late  Maestrichtian,  but 
displays  an  abrupt  and  drastic  abundance  decrease  at  about  67  Ma.  During  the 
late  Maestrichtian  this  species  constituted  <1%  of  the  nannofossil  assemblage. 

A  pattern  that  is  almost  inverse  to  that  of  JB..  constans  was  recorded  for 
Biscutum  sp.  1  (Figure  27b):  this  species  constituted  <5%  during  most  of  the  late 
Maestrichtian,  but  increased  in  abundance  during  between  -67.5  Ma  and  66.4 
Ma  (to  ~7%).  A  similar  pattern  was  recorded  for  Corollithion  exiguum:  this 
species  was  so  rare  that  it  was  beyond  the  detection  limit  prior  to  -66.5  Ma; 
after  -66.5  Ma  this  species  was  still  rare  (<1%),  but  it  was  recorded  almost 
consistently  between  66.5  -  66.4  Ma  (Figure  27c).  The  abundance  distribution  of 
Cribrosphaerella(?l  daniae  (Figure  27d)was  very  similar  to  that  of  C.-  exiguum: 
C.  daniae  was  rare  (<1.5%)  but  recorded  almost  consistently  between  -66.5  -  66.4 
Ma,  whereas  prior  to  -  66.5  Ma  this  species  was  almost  always  absent. 
Cvlindralithus  gallicus  (Figure  27c)  was  rare  during  most  of  the  late 
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Figure  25:  Plot  of  taxon  richness  (number  of  taxa  per  sample)  versus  age.  The 
taxon  richness  increased  slightly  during  the  late  Maestrichtian,  no  gradual  or 
stepwise  decline  prior  to  the  K/P  boundary  (at  66.40  Ma)  is  discernible. 
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Figure  26;  Relative  abundance  plots  of  selected  taxa  in  Hole  76 IB  during  the 
late  Maestrichtian.  The  data  were  calculated  exclusive  of  M.-  staurnphora 


Figure  27:  Relative  abundance  plots  of  selected  taxa  in  Hole  761 B  during  the 
late  Maestrichtian.  The  data  were  calculated  exclusive  of  M.-  staurophora. 
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Maestrichtian  (<1%)  but  its  abundance  increased  abruptly  to  values  >1.5%  after 
~67  Ma.  After  peak  values  (~2%)  had  been  reached  at  ~67  Ma,  relative 
abundance  of  gallicus  decreased  again  between  ~67  Ma  and  66.4  Ma. 

Cvlindralithus  serratus  was  encountered  commonly  prior  to  -70.5  Ma 
(Figure  270  when  it  reached  relative  abundance  peaks  of  >3%.  Between  -70.5 
Ma  and  66.4  Ma  this  species  was  recorded  only  once.  Zvgodiscus  sp.  1  was  very 
rare  (<1%)  prior  to  about  68  Ma  (Figure  28a).  Between  about  68  Ma  and  66.7  Ma 
this  species  increased  gradually  in  abundance  (to  -1-2%).  Between  -66.7  to  66.4 
Ma  this  species  first  decreased  in  abundance  (<0.5%  between  about  66.6  and 
66.5  Ma),  but  then  increased  again  to  values  between  1.5  and  3%  during  the  last 
50  ky  of  the  Maestrichtian.  Ceratolithoides  sp.  cf.  Q.  aculeus  was  common  (2-5% 
in  most  samples)  prior  to  -66.6  Ma;  between  -66.6  and  66.4  Ma  this  taxon  was 
always  very  rare  (<1%;  Figure  28b). 

The  relative  abundance  of  G.  fessus  increased  gradually  throughout  the 
late  Maestrichtian  (Figure  28c).  It  constituted  between  about  1-2%  around  71 
Ma  and  increased  to  values  close  to  5%  after  -66.8  Ma.  An  unusually  high  value 
(>10%)  was  recorded  around  69  Ma.  Manivitella  pemmatoidea  was  recorded 
consistently  prior  to  about  69  Ma,  although  the  relative  abundances  decreased 
between  -71.1  -  69  Ma  from  about  1%  to  <0.5%  (Figure  28d).  After  about  69  Ma 
this  species  was  very  rare  and  recorded  only  intermittently.  An  almost  reverse 
trend  was  recoded  for  M.-  belgicus.  which  was  absent  or  very  rare  (<0.5%)  prior 
to  about  69  Ma,  but  subsequently  increased  in  abundance  and  was  recorded 
consistently  between  about  69  Ma  and  the  K/P  boundary  (Figure  29c).  Tac 
relative  abundances  of  £..  stoveri  increased  from  -2%  to  values  >10%  between 
about  71.2  and  68  Ma. 

Watznaueria  barnesae  was  one  of  the  major  constituents  of  the 
Maestricthian  nannofossil  assemblages  in  Hole  761 B  (Figure  27k);  in  contrast 
to  most  other  abundant  taxa  its  relative  abundances  did  not  fluctuate  very 
much  but  essentially  remained  between  5-10%.  At  about  66.65  Ma  the  relative 
abundances  of  barnesae  increased  fairly  abruptly  to  values  between  -10 
and  15%  at  which  level  it  remained  until  66.4  Ma.  The  relative  abundances  of 
Arkhanpelskiella  spp.  were  <5%  in  most  samples  (Figure  28g);  between  about 
71  and  70  Ma  the  abundances  were  higher,  between  5  and  10%. 

Cribrosphaerella  ehrenbergii  (Figure  28h)  displayed  abundance  variations 
similar  to  Arkhangelskiella  spp.  in  so  far  as  this  species  was  rarer  around  69 


94 


(cm)  33v 


cn  •  c  '  i 

(nvs)  M'V 


95 


Ma  than  either  before  or  after  this  interval.  Discorhabdus  ignotus  displayed 
only  minor  long  term  trends  during  the  Maestrichtian  (Figure  28i):  its 
abundance  was  highest  between  ~  70.3  and  68.5  Ma.  The  relative  abundance  of 
M .  decoratus  remained  essentially  unchanged  during  the  late  Maestrichtian 
(Figure  28j);  an  abundance  peak  of  >10%  was  recorded  at  ~70  Ma. 

Parhabdolithus  regularis  constituted  between  1-10%  of  the  assemblage  during 
the  late  Maestrichtian  (Figure  28k);  slightly  higher  values  were  recorded 
around  69  Ma  than  either  before  or  after.  The  relative  abundance  of  P.  spinosa 
was  highest  (-5-10%)  between  -69.5  -  68.5  Ma,  whereas  lower  vlaues  (-3-5%) 
were  recorded  prior  to  and  after  this  increase  (Figure  281). 

Ahmuellerella  octoradiata  was  rare  in  Hole  761B  (Figure  29a).  Its 
abundance  in  most  samples  is  <0.5%.  Although  rare,  this  species  was  recorded 
in  most  samples  prior  to  -68  Ma,  but  was  not  observed  in  any  sample 
thereafter.  Highly  variable  abundance  data  were  recorded  for  P..  fibuliformis 
(Figure  29b).  In  the  earliest  five  samples  recorded  the  data  fluctuate  from  -4- 
11%  between  adjacent  samples,  reminiscent  of  the  abundance  fluctuations  of 
M.  staurophora.  Between  about  71.1  and  69.3  Ma  comparatively  low  values  were 
recorded  (around  2%).  After  that  the  relative  abundances  increased  abruptly 
to  values  slightly  >5%  and  remained  at  this  level  until  about  66.8  Ma  (with  two 
lower  values  around  67  Ma).  During  the  latest  part  of  the  Maestrichtian  (66.7 
Ma  -  66.4  Ma)  the  relative  abundances  of  P.  fibuliformis  decreased  from  -8% 
to-2%  (Figure  29b).  Placozvgus  sp.  displayed  low  (between  -0.5  and  1%,  Figure 
29c)  but  fairly  constant  relative  abundances  during  most  of  the  late 
Maestrichtian:  somewhat  higher  values  (between  1  and  2%)  were  recorded 
prior  to  71  Ma  as  well  as  during  the  last  -50  ky  of  the  Maestrichtian.  The 
relative  abundances  of  £..  cretacea  varied  widely  during  the  Maestrichtian 
(Figure  29f).  At  about  71  Ma  adjacent  samples  yielded  values  of  15%  and  almost 
30%.  The  average  relative  abundances  remained  approximately  constant 
between  20-25%  between  about  71.2  and  67  Ma.  Between  67  Ma  and  the  K/P 
boundary  the  relative  abundances  of  P..  cretacea  were  slightly  lower  and 
varied  between  -15-20%.  The  abundance  of  Rhagodiscus  splendcns  (Figure 
29d)  increased  from  values  <0.5%  around  71  Ma  to  -1%  at  about  69  Ma; 
subsequently  its  abundance  decreased  again  to  low  values  (<0.5%)  immediately 
preceding  the  K/P  boundary.  Stephanolithion  spp.  (Figure  29c)  were  very 
rare  prior  to  71  Ma  and  increased  throughout  the  laic  Maestrichtian  to  values 
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around  1%  at  ~66.4  Ma.  Comparatively  very  high  values  (between  2-3%)  were 
recorded  at  about  69  Ma  and  68  Ma. 


B)  The  latest  Maestrichtian:  Holes  761B  and  761C 

Subtle  changes  in  the  calcareous  nannofossil  assemblages  in  Hole  76 IB 
occurred  during  the  last  500  ky  of  the  Maestrichtian.  In  both  holes,  761B  and 
76 1C,  the  relative  abundance  of  P.  fihuliformis  decreased  between  -66.7  and 
55.4  Ma  (Figure  30j).  The  magnitude  of  the  decrease  was  similar  in  both  holes 
(around  8-9%  at  about  66.7  Ma;  2-3%  at  the  K/P  boundary).  The  decrease 
proceeded  more  or  less  gradually  in  both  holes,  except  for  isolated  outlier 
values  that  seem  to  be  associated  with  poorer  preservation  in  some  instances 
(e.g.  unusually  low  values  around  66.5  Ma  in  Hole  76 IB  where  M.-  staurophora 
showed  increased  abundance  values). 

Several  taxa  that  were  important  components  of  the  nannofossil 
assemblages  in  high  southern  latitude  Hole  690C  appeared  or  increased  in 
abundance  during  the  latest  part  of  the  Maestrichtian  in  Hole  761 B.  These  taxa 
included  daniae,  Gartnerago  spp.,  K-  m.a&n.lfi£.us..  freauens.,  and 
Vagalapilla  spp  (Figure  30c,  i;  31c.  d).  Species  of  the  genus  Gartnerago  were 
absent  from  most  samples  in  Hole  76 IB,  but  were  recorded  in  three  samples 
between  66.7  and  66.4  Ma.  Kamptnerius  magnificus  was  always  very  rare 
(<0.5%).  Prior  to  -67  Ma  it  was  recorded  only  in  isolated  samples.  Between  -67 
Ma  and  -66.4  Ma  its  abundance  increased  slightly  and  it  was  encountered  in 
several  samples.  Nephrolithus  frequens  displayed  one  of  the  most  conspicuous 
abundance  increases  at  about  67  Ma:  this  species  was  recorded  as  early  as  at  -69 
Ma,  but  between  about  69  and  67  Ma  it  was  very  rare.  After  -67  Ma  the  relative 
frequency  of  frequens  increased  abruptly  from  values  <0.5%  to  values 
between  2  and  4%  (with  a  maximum  value  >6%).  Species  of  Vagalapilla  were 
rare  (<0.5%)  throughout  most  of  the  Maestrichtian  studied  in  Hole  76 IB  but 
increased  in  abundance  -50  ky  before  the  K/P  boundary  and  reached 
abundance  values  between  2-3%.  All  of  these  taxa  are  characteristic 
components  of  high  latitude  assemblages. 

Also  C.-  ehrenbereii  (Figure  30d)  which  was  present  during  the  entire 
Maestrichtian  in  Hole  761B  increased  in  relative  abundance  during  the  last  350 
ky  of  the  Maestrichtian. 


VagaUpilla  spp.  D  Zygodiscus  sp.  i  C  Oannera 
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C)  Assessment  of  Preservation 

The  influence  of  dissolution  on  the  nannofossil  assemblages  was 
investigated  at  Site  761  by  comparing  the  abundance  variations  of  dissolution 
resistant  and  dissolution  susceptible  taxa:  nannofossil  assemblages  that  were 
modified  by  increased  dissolution  should  be  enriched  in  the  former  group  and 
depleted  in  the  later  group.  Following  Thierstein  (1980)  four  taxa  were 
included  in  the  dissolution  resistant  group:  Arkhangelskiella  spp.,  Broinsonia 
spp.,  K..  magnificus.  and  barnesae.  The  last  taxon  is  by  far  the  most 
abundant  one  and  controls  the  pattern  of  the  shape  of  the  curve  of  the 
dissolution  resistant  group.  Included  in  the  dissolution  susceptible  group  were 
S..  constans.  Q.  ehrenbergii.  D..  ignotus.  E.  turriseiffelii.  N..  frequens.  P. 
regularis.  £..  fibuliformis.  E-  cretacea.  and  P.  spinosa.  In  addition  the  relative 
abundances  of  M.-  staurophora  was  used  as  an  additional  very  dissolution 
resistant  indicator.  The  graphs  are  presented  in  Figure  32.  One  sample  at 
around  66.51  was  identified  where  all  three  ’dissolution  indices'  indicated 
increased  dissolution  (circled  in  Figure  32a,  b,  c).  In  all  other  samples  there  is 
no  unambiguous  signal  indicating  increased  dissolution  and  consequently  all 
other  data  points  are  considered  to  represent  genuine  abundance  variations. 

In  some  of  the  older  samples  (prior  to  about  70.5  Ma)  very  high  fluctuations  in 
the  relative  abundances  of  the  dissolution  susceptible  group  as  well  as  of  M . 
staurophora  were  recorded.  Since  there  were  no  corresponding  abundance 
variations  in  the  dissolution  resistant  group,  these  samples  were  not 
considered  to  be  extensively  modified  by  increased  dissolution;  however,  this 
possibility  could  not  be  completely  ruled  out  and  the  samples  in  question  were 
marked  with  a  circle  and  a  question-mark  (Figure  32d.  e,  0- 
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(>)  Dissolution  Susceptible  Taxi  (b)  Dissolution  Resistant  Taxa,  761 B 
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Figure  32:  Plots  of  dissolution  susceptible  and  dissolution  resistant  taxa.  as  well 
as  of  M..  staurophora  versus  age.  The  graphs  on  top  represent  the  latest 
Maestrichtian  only,  while  those  below  represent  the  entire  Maestrichtian 
seetion  investigated.  The  data  points  that  arc  circled  arc  most  likely  modified 
due  to  increased  dissolution.  The  K/P  boundary  lies  at  66.40  Ma. 
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3)  DSDP  Hole  217 

A)  Nannofossil  Abundance  Patterns 

The  number  of  taxa  per  sample  recorded  in  the  upper  Maestrichtian 
chalk  in  Hole  217  varies  between  27  and  44  (Figure  33).  Below  455.19  mbsf 
(-68.56  Ma)  between  35  and  43  taxa  per  sample  were  recorded;  in  the  interval 
of  high  sample  resolution  between  455.19  and  450.49  mbsf  (-68.56  and  68.27  Ma) 
species  richness  was  highly  variable,  with  values  on  average  lower  than 
below,  fluctuating  around  35  taxa.  The  lowest  species  richness  was  recorded  at 
426.70  mbsf  (-66.76  Ma;  27  taxa);  above  this  level  species  richness  increased 
again  and  values  as  high  as  in  the  lowest  part  of  the  section  (between  -35-40 
taxa  per  sample)  were  recorded  immediately  below  the  K/P  boundary. 

While  the  counts  were  made  the  preservation  in  each  sample  was  noted, 
and  there  was  no  indication  of  systematic  poorer  preservation  in  the  samples 
that  displayed  reduced  species  richness  (compare  "Preservation"  among 
samples  in  Appendix  11:  Table  217).  Therefore  the  trend  of  decreasing  species 
richness  between  492.32  and  426.70  mbsf  (-71-66.76  Ma)  and  the  ensuing 
increase  in  the  uppermost  5.5  m  of  the  Maestrichtian  is  considered  to  be  a 
genuine  signal  rather  than  an  artifact  of  preservation.  Below  1  discuss  the 
abundance  patterns  of  selected  taxa  in  order  to  examine  which  taxa  disappear 
from  the  assemblages  below  426.7  mbsf  (-66.76  Ma),  and  which  taxa  first 
occurred  at  this  level  or  became  more  abundant  causing  the  increased  species 
richnesses  just  below  the  K/P  boundary. 

Micula  staurophora  is  among  the  most  abundant  taxa  constituting  -10% 
to  25%  (average  15%)  of  the  entire  Maestrichtian  assemblage  with  peak 
abundances  exceeding  30%  (Figure  34).  No  long  term  trend  of  increasing  or 
decreasing  abundance  was  recorded.  Because  of  the  high  abundance  of  M . 
staurophora  the  percentages  of  all  other  nannofossil  taxa  were  calculated 
exclusive  of  M..  staurophora.  As  in  the  other  sections  this  procedure  was 
chosen  so  that  smaller  abundance  changes  in  comparatively  rare  taxa  would 
not  be  suppressed. 

a)  Taxa  decreasing  in  relative  abundance: 

Ahmuellerella  octoradiata  constitutes  several  percent  of  the  assemblage 
in  the  lower  part  of  the  section  (below  469.06  mbsf;  -69.4  Ma;  Figure  35a),  its 
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Taxon  Richness 


number  of  laxa  per  sample 
20  30  40  50 


Figure  33;  Species  Richness  (number  of  taxa  per  sample)  plotted  against  age. 
The  decrease  between  about  71  Ma  and  67  Ma  and  the  subsequent  increase 
cannot  be  explained  as  dissolution  artifacts. 
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Figure  35:  Relative  abundance  changes  (%) 
Maestrichtian  in  Hole  217.  (All  calculations 


of  selected  taxa  during  the  late 
exclusive  of  M..  siaurophora). 


106 


abundance  decreases  to  <1%  between  455.19  and  450.49  mbsf  (-68.56-68. 27  Ma). 
It  was  absent  from  most  counts  above  450  mbsf  (-68.27  Ma). 

Biscutum  constans  (Figure  35b)  is  common  to  abundant  (5-10%)  below 
455.19  mbsf  (-68.56  Ma).  In  the  interval  of  high  sample  density  between  455.19 
and  450.49  mbsf  (-68.56-68.27  Ma)  B..  constans  initially  decreases  in  abundance 
from  -5%  to  <2%  (between  455.19-453.30  mbsO.  but  then  increases  again  to  -5% 
at  451.08  mbsf.  It  decreases  again  and  is  very  rare  (<1%)  above  444.8  mbsf 
(-67.9  Ma). 

Biscutum  sp.  1  (Figure  35c)  decreases  in  abundance  from  almost  3%  to 
<1%  throughout  the  lower  half  of  the  section  (492.32  to  455.19  mbsf;  -70.9-68.56 
Ma);  similar  to  fi..  constans  it  increases  in  abundance  between  453.9  and  450.49 
mbsf  (-68.48-68.27  Ma).  Above  450.49  mbsf  (68.27  Ma)  it  is  present  in  very  low 
abundance  («1%).  In  contrast  to  B..  constans.  however.  Biscutum  sp.  1 
increases  in  abundance  again  immediately  below  the  K/P  boundary  to  values 
>1%  (between  423.2  and  421.2  mbsf;  -66.54-66.41  Ma). 

Biscutum  notaculum  is  always  very  rare  (exceeding  0.5%  only  in  one 
sample;  Figure  35d).  Below  451.30  mbsf  (-68.3  Ma)  it  was  recorded  in  almost 
each  sample  whereas  above  this  level  this  species  is  so  rare  that  it  was 
recorded  only  in  very  few  samples. 

Discorhahdus  ignotus  decreases  in  abundance  throughout  the  section 
(Figure  35e);  it  constitutes  almost  10%  of  the  assemblage  below  480.14  mbsf 
(-70.14  Ma),  but  only  around  1%  above  432.4  mbsf  (-67.1  Ma). 

Lithraphidites  carniolensis  is  comparatively  rare  (in  most  samples  1% 
and  less)  throughout  the  section  (Figure  35f)-  Below  450.49  mbsf  (-68.27  Ma)  its 
abundance  fluctuates  considerably:  peak  abundances  of  >1%  were  recorded  in 
several  samples  and  >3%  in  one  sample  at  454.59  mbsf.  Above  450.49  mbsf 
(-68.27  Ma)  this  species  is  always  very  rare  (<1%). 

Several  species  of  Rhagodiscus  were  recorded.  Although  rare 
(individual  species  almost  always  <1%,  Figures  35,  g-k),  all  species  displayed 
similar  abundance  patterns:  they  are  more  abundant  and  were  more 
consistently  recorded  below  441.8  mbsf  (-67.72  Ma);  above  441.8  mbsf  aii 
species  arc  very  rare.  This  trend  is  especially  obvious  when  the  sum  of  all 
species  of  Rhagodiscus  is  considered  (Figure  351). 

In  the  lowermost  part  of  the  section  (between  492.32  and  480.14  mbsf; 
-70.9-70.14  Ma)  Ceratolithoides  sp.  cf.  C..  aculeus  is  rare  (>2%);  between  480.14 
and  471.82  mbsf  (-70.14-69.61)  it  increases  abruptly  in  abundance  from  <2%  to 
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~5%  (Figure  36a),  remains  between  3%  and  5%  up  to  432.22  mbsf  (-67.1  Ma), 
decreases  precipitously  in  abundance  between  432.22  and  426.9  mbsf  (-67.1- 
66.77  Ma)  and  is  absent  or  very  rare  («1%)  above  426.9  nbsf.  Considerable 
inter-sample  variability  was  recorded  in  the  interval  of  very  closely  spaced 
samples  between  455.19  and  450.49  mbsf  (-68.56-68.27  Ma). 

b)  Taxa  increasing  in  relative  abundance 

Below  -460  mbsf  (-68.9  Ma)  C.  gallicus  is  recorded  only  in  one  sample 
(Figure  360-  In  the  closely  sampled  interval  (455.19  -  450.49  mbsf;  68.56  to 
68.27  Ma)  this  species  increases  in  abundance  from  -0.5%  to  -1%  and  maintains 
this  abundance  throughout  the  remainder  of  the  section.  An  exceptionally 
high  abundance  of  almost  3%  is  recorded  at  422.6  mbsf  (-66.5  Ma).  This  is  >1% 
higher  than  the  abundances  in  either  of  its  adjacent  samples  which  are 
comparatively  high  (>-1.5%;  Figure  360.  I  suspected  that  the  outlier  value  of 
3%  resulted  from  enrichment  through  dissolution.  Cylindralithus  gallicus  is 
not  included  in  the  dissolution  ranking  of  Thierstein  (1980),  but  a  structurally 
very  similar  form,  Cylindralithus  serratus  is  ranked  as  very  slightly  solution 
resistant.  CvJmdralithus  gallicus  consists  of  more  massive  elements  than  Q,. 
serratus  and  I  assume  that  it  is  more  solution  resistant.  In  the  same  sample 
where  C..  gallicus  is  unusually  abundant,  higher  abundance  values  of  the  two 
most  dissolution  resistant  taxa  in  this  assemblage,  M.-  staurophora  (29%,  vs.  14% 
and  16%)  and  barnesae  (27%,  vs.  22%  and  20%)  were  also  recorded  than  in 
the  adjacent  samples.  Thus  it  appears  that  the  relative  abundance  of  C.-  gallicus 
at  422.6  mbsf  is  increased  by  dissolution. 

The  relative  abundance  of  Q..  fessus  is  -2%  below  444.8  mbsf  (-67.9  Ma; 
Figure  36g).  Above  this  level  abundance  values  increases  and  throughout  the 
uppermost  5.7  m  of  the  section  (-66.77  -  66.41  Ma)  they  vary  around  4%, 
fluctuating  strongly.  Relative  abundance  values  exceeding  6%  were  recorded 
in  two  samples  in  the  uppermost  Maestrichtian,  at  422.0  mbsf  and  at  425.49 
mbsf.  These  elevated  values  are  isolated  within  the  abundance  pattern  of  G . 
fessus  and  do  not  correspond  to  unusually  high  or  low  values  in  dissolution 
resistant  taxa.  Thus  it  appears  that  they  cannot  be  explained  as  presrvational 
artifacts;  their  paleoceanographic  significance  is  not  understood  at  the 
moment. 

Lithraphidites  praequadratus  is  very  rare  («1%)  below  463.65  mbsf  (69.1 
Ma;  Figure  36h).  Between  469.06  and  463.65  mbsf  (-69.44  -  6*.l  Ma)  its 
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Figure  36:  Relative  abundance  changes  (%)  of  selected  laxa  during  the  late 
Maestrichtian  in  Hole  217.  (All  calculations  exclusive  of  M..  staurophoral. 
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abundance  increases  sharply  from  0  to  ~1.5%,  remains  between  ~1  and  2%  up  to 
432.4  mbsf  (~67.12  Ma),  and  then  increases  again  to  average  values  around  3% 
(and  fairly  high  inter-sample  variability)  throughout  the  remainder  of  the 
Maestrichtian. 

Lithraphidites  quadratus  was  not  recorded  below  to  452.5  mbsf  (-68.39 
Ma;  Figure  36i).  Between  452.5  and  426.9  mbsf  (-68.39  -  66.73  Ma)  its  abundance 
increases  steadily  to  values  around  1%,  subsequently  decreases  to  around  0.5% 
between  426.9  and  424.9  mbsf  (-66.73-66.65  Ma),  and  increases  slightly  below 
the  K/P  boundary  (between  424.9  and  421.2  mbsf;  -66.65  -  66.41  Ma). 

Below  about  455.19  mbsf  (-68.56  Ma)  P.  stoveri  is  fairly  rare  (<2%)  except 
in  the  lowermost  two  samples  where  it  reaches  abundances  >3%  (Figure  37a). 
Above  455.19  mbsf  this  species  increases  steadily  in  abundance  and  at  444.8 
mbsf  (-67.9  Ma)  its  abundance  is  4%.  Throughout  the  remainder  of  the 
Maestrichtian  £.•  stoveri  remains  at  about  3-4%. 

Tranolithus  macleodae  is  rare  in  most  samples  (<0.5%,  Figure  37b),  but 
increased  abundance  values  (1.5-2%)  are  recorded  immediately  below  the  K/P 
boundary  (422.6  -  421.2  mbsf;  -66.5  -  66.41  Ma). 

The  relative  abundance  of  Vagalaoilla  spp.  is  low  (<0.5%)  throughout 
most  of  the  section;  higher  values  (>I%)  are  recorded  in  two  samples  in  the 
lowest  part  of  the  section  (489.51  and  483.03  mbsf;  -70.73  -  70.32  Ma)  as  well  as 
in  several  samples  immediately  below  the  K/P  boundary  (422.0,  421.6,  421.2 
mbsf;  -66.46,  66.44,  66.41  Ma;  Figure  37c). 

Cribrosphaerella?  daniae.  Gartnerago  spp.,  and  N..  frequens  are  absent 
or  very  rare  in  most  samples,  but  increased  in  abundance  in  a  few  samples 
immediately  below  the  K/P  boundary  (422.2  -  421.2  mbsf;  -66.48  -  66.41  Ma; 
Figures  36,  b-d).  Cribrosphaerella?  daniae  and  Gartnerago  spp.  increase  from 
virtually  0%  to  -0.5%;  Nephrolithus  frequens  is  recorded  in  most  samples  in 
low  abundances  (<0.5%)  and  increases  to  -2%  below  the  K/P  boundary. 


c)  Other  Fluctuations 

Arkhangelskiella  spp.  and  Broinsonia  spp.  have  been  grouped  together 
because  preservational  differences  between  samples  made  it  impossible  to 
distinguish  these  taxa  consistently.  Below  455.19  mbsf  (68.56  Ma)  relative 
abundance  values  range  from  <2%  to  >6%,  with  steadily  increasing  values 
between  480.14  and  455.19  mbsf  (-70.14  -  68.56  Ma;  Figure  37d).  The  relative 
abundance  fluctuates  considerably  (<3%  to  >10%)  between  455.19  and  453.90 
mbsf  (-68.56  -  68.48  Ma),  decreases  to  -2%  at  452.3  mbsf  (68.38  Ma)  and  then 
increases  slowly  to  -4%  at  450.49  mbsf.  This  gradual  increase  is  interrupted  by 
two  very  high  abundance  values  (-8%)  at  451.08  and  450.90  mbsf  (-68.3  and 
68.29  Ma).  Between  450.49  and  432.22  mbsf  abundance  values  vary  between  -4 
and  6%.  One  of  the  highest  values  (>10%)  is  recorded  at  426.9  mbsf  (-66.77  Ma). 
Between  426.7  and  424.9  mbsf  (-66.76  -  66.65  Ma)  relative  abundances  vary 
between  -5  and  2%;  between  424.9  and  422.2  mbsf  (66.65  -  66.48  Ma)  they  are 
slightly  lower  (-2%)  and  display  low  variability.  Increased  abundance  (6-8%) 
is  recorded  in  five  samples  immediately  below  the  K/P  boundary  (422.0  -  421.2 
mbsf;  -66.46  -  66.41  Ma). 

Despite  considerable  variability  between  samples  (e.g.  between  455  and 
452  mbsO  trends  are  only  discernible  in  the  intervals  of  high  sample  density. 
High  sample  density  throughout  the  Maestrichtian  would  be  required  to 
determine  trends  in  these  two  taxa. 

Cribrosphaerella  ehrenbergii  is  common  to  abundant  in  all  samples 
(->5%)  below  425.49  mbsf  (-66.68  Ma;  Figure  37e).  Between  425.49  and  424.1 
mbsf  its  relative  abundance  increases  to  -10%;  above  this  interval  the 
abundance  decreases  again  to  5-7%. 

Several  species  of  Cretarhabdus  were  combined  because  different 
preservation  made  it  impossible  to  distinguish  them  consistently  (C.-  conicus.  C.- 
crenulatus.  surirellus.  Cretarhabdus  spp.  indet.).  The  abundance  variations 
of  Cretarhabdus  ansustiforatus  (Figure  37f)  and  Q.  schizobrachiatus  (Figure 
37g)  were  plotted  separately  since  the  characteristic  optical  extinction  pattern 
which  results  from  the  attachment  of  the  central  structure  to  the  margin 
allows  the  unambiguous  identification  of  these  two  species  even  when  most  of 
the  central  area  is  missing.  The  graph  of  the  combined  Cretarhabdus  spp. 
(Figure  37h)  shows  an  abundance  increase  throughout  the  section,  from  about 
5%  at  492.32  mbsf  (-71Ma)  to  -10%  at  426.9  mbsf  (-66.77  Ma).  In  the  remainder 
of  the  section  (426.9  -  421.2  mbsf;  66.77  -  66.41  Ma)  the  relative  abundance  of 


this  taxon  decreases  from  -10-13%  to  -8%.  An  isolated  abundance  peak  of 
almost  17%  was  recorded  at  426.7  mbsf  (-66.76  Ma).  The  relative  abundance  of 
Cretarhahdus  an^ustiforatus  never  exceeds  3%  and  usually  remains  below  1%. 
It  decreases  from  -1%  to  values  around  0.5%  between  426.9  and  421.2  mbsf 
(66.77  -66.41  Ma).  Cretarhabdus  schizobrachiatus  was  very  rare  in  all  samples 
(hardly  ever  exceeding  0.5%;  Figure  37g).  It  was  absent  from  the  lowest 
samples.  Throughout  its  record  no  abundance  changes  were  recorded. 

The  abundance  values  of  E..  turriseiffeli  fluctuate  between  -2  and  6% 
(Figure  37i).  Below  455.19  mbsf  (68.56  Ma)  the  sample  density  is  insufficient  to 
assess  whether  the  recorded  abundance  fluctuations  represent  a  genuine 
pattern.  In  the  closely  sampled  interval  between  455.19  and  450.49  mbsf  (68.56 
and  68.27  Ma)  the  abundance  of  this  species  lies  mostly  between  -2  and  4%.  In 
four  samples  in  the  middle  of  this  interval,  however,  elevated  abundances  of  E.. 
turriseiffeli  (>5%)  were  recorded  (452.89  -  452.3  mbsf;  -68.42  -  68.38  Ma;  -6% 
and  more).  No  clear  trend  is  discernible  from  the  abundance  fluctuations 
between  450.49  and  426.9  mbsf  (68.27  and  66.77  Ma).  In  the  uppermost  5.7 
meters  of  the  section  increased  abundance  values  were  recorded  in  three 
intervals:  426.7-425.7  mbsf,  423.6-422.8,  and  immediately  below  the  K/P 
boundary  (421.6  -  421.2  mbsf;  66.76-66.70  Ma,  66.56-66.51  Ma,  and  -66.44  -  66.41 
Ma).  In  the  intervening  samples  abundance  values  -2%  were  recorded. 

Kamptnerius  magnificus  was  very  rare  in  all  samples  (usually  <0.5%) 
except  for  higher  abundance  values  (around  1%)  in  two  samples  at  455.19  and 
454.99  mbsf  (-68.56  -  68.55  Ma;  Figure  36e). 

Microrhabdulus  decoratus  constitutes  about  5%  of  the  assemblage  in 
most  samples  (Figure  37j).  In  the  lower  pan  of  the  section  high  abundance 
values  (>10%)  were  recorded  at  483.03  and  480.14  mbsf  (-70.32  and  70.14  Ma). 
These  high  values  may  be  indicative  of  a  genuine  increase  of  M.-  decoratus. 

Two  other  samples  with  comparatively  high  abundance  values  were  recorded: 
at  454.59  mbsf  this  species  exceed  15%,  and  at  424.1  mbsf  (-66.60  Ma)  it  reaches 
almost  10%.  These  latter  values  are  isolated  outliers  with  background  levels 
-5%;  the  reason  for  their  elevated  abundance  is  not  well  understood;  it  may  be 
related  to  preservation  (see  discussion  below). 

Micula  murus  and  Micula  sp.  cf.  M.-  prinsii  were  not  recorded  below 
432.4  mbsf  (67.12  Ma;  Figure  36j);  above  this  level  they  constitute  between  -2- 
8%  of  the  assemblage.  Subtle  abundance  variations  were  recorded  in  the 


uppermost  5.7  m  of  the  Maestrichtian  where  closely  spaced  samples  were 
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examined  (Figure  36k):  relatively  high  abundance  values  (-5-6%)  were 
recorded  between  426.90  and  425.90  mbsf,  followed  by  lower  abundances  (-3%) 
between  425.70  and  424.70  mbsf.  Subsequently  abundances  rise  again  to  -6-8% 
between  424.50  and  423.40  mbsf.  From  there  they  decrease  to  -2%  at  the  K/P 
boundary. 

Parhabdolithus  regularis  is  common  in  most  samples,  constituting 
between  about  5-10%  of  the  assemblages  (Figure  37k).  Below  463.65  mbsf  (-69.1 
Ma)  its  abundance  lies  around  5%,  fluctuating  only  slightly.  At  463.65  and  at 
460.82  mbsf  (-69.1  -  68.92  Ma)  it  increases  in  abundance  to  -10%  in  two  samples, 
but  returns  to  -5%  at  455.19  mbsf  (-68.56  Ma).  Between  455.19  and  426.1  mbsf 
(-68.56  -  66.72  Ma)  its  abundance  increases  steadily  from  -5%  to  a  maximum 
values  of  >13%.  Above  this  peak  abundance  values  decrease  again  to  <5%  at  the 
K/P  boundary.  A  very  similar  pattern  was  recorded  for  E.  cretacea  (see  below). 

Placozvgus  fibuliformis  constitutes  around  3%  of  the  assemblage 
(Figure  371).  However,  increased  values  (>10%)  were  recorded  at  some  levels  in 
the  uppermost  Maestrichtian  (425.49  and  425.30  mbsf;  -  66.68  -  66.67  Ma).  Above 
these  maximum  values  its  relative  abundance  decreases  again  to  values  around 
3%. 

Predisco^phaera  cretacea  is  one  of  the  most  abundant  taxa,  constituting 
on  average  -15%  of  the  assemblage  (Figure  38a).  An  abundance  increase  from 
<10%  to  -20%  was  recorded  between  455.19  and  426.9  mbsf  (-68.56  -  66.77  Ma), 
followed  by  a  decrease  to  -12%  between  426.9  mbsf  and  the  K/P  boundary. 

Relative  abundance  values  of  P.  spinosa  never  exceed  5%,  and  lie  around 
2%  in  most  samples  (Figure  38b).  Between  455.19  and  450.49  mbsf  (-68.56  -  68.27 
Ma)  an  abundance  increase  from  -1%  to  -2%  was  recorded. 

Watznaueria  barnesae  is  one  of  the  most  abundant  taxa  with  relative 
abundance  values  between  -10-30%  throughout  most  of  the  Maestrichtian 
(Figure  38c).  In  the  lowest  samples  (492.32  -  480.14  mbsf;  -70.91  -  70.14  Ma)  the 
relative  abundance  was  conspicuously  lower  (-10%)  than  above  where  the 
abundance  fluctuates  around  20%.  Very  high  percentages  of  this  species  (>25 
to  almost  30%)  were  recorded  in  several  samples  (at  454.30,  453.99,  453.90, 

452.30,  424.10,  and  423.80  mbsQ-  As  barnesae  is  a  very  dissolution  resistant 
taxon  (Roth  and  Bowdler,  1981;  Thierstein,  1980),  these  high  values  could  be 
due  to  increased  dissolution  rather  than  reflect  a  primary  signal  (sec 
discussion  below). 
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Biscutum  magnum,  a  species  very  common  in  the  lower  Maestrichtian 
in  high  latitudes  was  observed  in  three  samples  in  very  low  abundance 
(492.32.  489.51,  and  451.49  mbsf;  -70.92.  -70.73.  and  -68.33  Ma;  Figure  38d). 

B)  Assessment  of  Preservation 

Several  dissolution  resistant  taxa  were  compared,  and  only  a  trend  that 
is  apparent  in  all  these  taxa  should  be  considered  indicative  of  dissolution. 
Micula  staurophora.  W .  barnesae.  Arkhangelskiella  spp.  and  Broinsonia  spp. 
were  selected  as  representatives  of  the  dissolution  resistant  taxa  (following 
Thierstein,  1980).  Combined  in  the  group  of  dissolution  susceptible  taxa  were  C.- 
ch££.nl?sreii.  E..  turriseiffeli.  £.  regularis.  Placozvgus  sp.,  P.  bussonii.  E- 
sigmoides.  P.  spinosa.  and  Vagalapilla  spp.  (following  Thierstein,  1980). 

No  evidence  indicative  of  increased  dissolution  was  observed  in  the 
intervals  of  increased  sample  spacing  (Figure  39).  Especially  the  decrease  in 
species  richness  between  about  68.5  and  66.8  Ma  cannot  be  explained  as  a 
consequence  of  increasing  dissolution  (compare  e.g.  the  record  of  the 
dissolution  susceptible  taxa,  which  increase  during  the  same  interval;  Figure 
39g).  Unusually  high  or  low  values  of  selected  taxa  (or  groups  of  taxa) 
occurred  in  single  samples,  but  lack  of  corresponding  excursions  in  other  taxa 

indicated  that  preservation  could  not  be  the  explanation  in  these  cases. 

Graphs  of  the  interval  between  -66.80-66.40  Ma  are  presented  in  Figure 
40.  The  species  richness  increased  from  values  around  30  taxa  per  sample 
during  the  earlier  part  of  this  interval  to  values  around  40  during  the  last  150 
ky  of  the  Maestrichtian  (Figure  40a).  Similarly,  increased  abundances  during 
the  later  part  of  this  interval  were  observed  in  the  distribution  of  the  absolute 
as  well  as  the  relative  abundances  of  M.-  staurophora  (Figure  40c,  d),  and  also 
in  the  relative  abundances  of  W .  barnesae  (Figure  40e).  In  contrast,  this 
pattern  was  not  present  in  the  plot  of  Arkhangelskiella  spp.  and  Broinsonia 
spp.:  these  two  genera  remained  at  comparatively  low  abundances  throughout 

most  of  the  latest  Maestrichtian  and  increased  in  abundance  only  at  about 

66.47  Ma  (Figure  400-  Virtually  no  changes  between  the  earlier  and  the  later 
part  of  this  interval  exist  in  the  absolute  abundance  of  calcareous  nannofossils 
(Figure  40b)  as  well  as  in  the  di.ssolution  susceptible  taxa  (Figure  40g).  Because 
of  the  discrepancies  between  the  abundance  patterns  of  different  dissolution 
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Figure  40:  The  same  dissolution  sensitive  parameters  as  in  Figure  39  plotted 
against  age  (latest  Maestrichtian,  Hole  217:  K/P  boundary  at  66.40  Ma). 


66  80-*  '  66.80  •'  '  66  80 
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sensitive  taxa,  dissolution  cannot  be  invoked  as  an  explanation  of  the  observed 
variations.  Therefore  the  trends  during  the  latest  Maestrichtian  are 
considered  to  be  a  genuine  record  of  abundance  fluctuations  in  the 
nannofossil  assemblages. 

However,  in  two  instances  in  the  uppermost  Maestrichtian  interval, 
exceptionally  low  abundances  of  dissolution  susceptible  taxa  (Figure  40g) 
correspond  to  minimum  values  of  absolute  abundances  of  calcareous 
nannofossils  (Figure  40b)  and  to  peak  values  of  dissolution  resistant  taxa 
(Figures  40d,  e).  The  nannofossil  distribution  in  these  samples  (marked  with 
black  circles  in  Figure  40)  was  apparently  modified  by  above  average 
dissolution.  If  this  interpretation  is  correct,  it  would  imply  that  1) 
Arkhangelskiella  and  Broinsonia  arc  not  as  dissolution  resistant  as  previously 
assumed  by  Thierstein,  1980;  and  2)  it  would  indicate  that  dissolution  was  not 
sufficiently  severe  to  eliminate  certain  taxa,  since  the  species  richness  in 
these  two  samples  appears  not  significantly  different  from  the  next  higher 
and  lower  samples. 

The  other  interval  that  was  investigated  at  high  resolution  in  Hole  217 
was  between  about  68.6  and  68.2  Ma.  Long  term  trends  were  only  discernible  in 
the  absolute  abundances  of  M..  staurophora.  which  increase  steadily  during 
this  interval,  and  an  almost  stepwise  increase  of  the  dissolution  susceptible 
taxa  from  lower  values  between  10-15%  prior  to  about  68.47  Ma  to  increased 
values  (around  20%)  thereafter.  Due  to  lack  of  correlation  with  the  other 
dissolution  indicators  neither  of  these  trends  is  interpreted  as  a  manifestation 
of  changing  preservation.  Instead  three  samples  were  identified  in  this 
interval  where  the  coincidence  of  unusually  high  or  low  values  in  several  of 
the  dissolution  indicators  suggests  that  increased  dissolution  has  modified  the 
nannofossil  assemblages.  These  samples  are  marked  with  black  circles.  In 
none  of  these  samples  do  all  the  dissolution  indicators  agree  and  it  appears  that 
in  two  of  these  samples  the  number  of  species  was  reduced. 

Except  for  a  few  isolated  samples  where  increased  dissolution  had 
altered  the  nannofossil  assemblages,  the  abundance  distributions  of  the 
calcareous  nannofossil  taxa  seem  to  reflect  genuine  abundance  changes 


(a)  Species  Richness  (b)  Sum  (cxcl.  M.  staurophora)  (c)  Micula  staurophora  (d)  M.  slaurophora 

number  of  taxa  per  sample  specimens/gram  sediment  specimens/gram  sediment  % 

25  30  35  40  45  1000  3000  5000x10  *  200  400  600  800  1000  X  10  *  5  10  15  20  25 
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Figure  41:  The  ';;une  dissolution  sensitive  parameters  as  in  Figure  39  plotted 
against  age.  On!,,  ilie  high  resolution  interval  between  68.2  and  68.6  Ma  is 
represented. 
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4)  DSDP  Hole  528 

In  DSDP  Hole  528  a  section  15.33  m  thick,  representing  the  last  800  ky 
(from  about  67.2  to  66.4  Ma)  of  the  Cretaceous  was  examined  (Sections  528-32-1 
to  528-33-4;  407.0  -  422,5  mbsO-  The  sediment  is  conspicuously  coloured  red  and 
white,  the  thickness  of  each  color  band  varies  between  about  20  and  50  cm 
(Shipboard  Scientific  Parly,  1984;  p.  390;  see  also  Figure  42a). 

Two  unrelated  questions  were  addressed  in  this  study:  1)  Are  there 
differences  in  the  calcareous  nannofossil  assemblages  between  different 
colored  sediment  layers?  2)  Which  abundance  trends  are  discernible  in 
calcareous  nannofossil  taxa  during  the  last  800  ky  of  the  Maestrichtian  at  this 
site? 

la)  Differences  Between  Red  and  White  Sediment 

In  the  light  sediment  the  carbonate  content  typically  is  >70%  (and  up  to 
90%)  whereas  in  the  dark  red  layers  it  is  typically  less  than  60%  (and  may  be 
as  low  as  <50%;  data  from  Shackleton  et  al.,  1984,  iind  from  D’Hondt, 
unpublished  data;  Figure  42c).  Herbert  and  D’Hondt  (1991)  suggested  that  the 
alternation  of  the  sediment  colors  was  an  expression  of  precessional  cyclicity 
in  the  latest  Cretaceous.  One  of  the  goals  of  this  study  was  to  examine  whether 
differences  in  nannofossil  assemblages  exist  between  the  different  colored 
sediment  and  whether  they  could  be  explained  as  consequences  of  the 
precessional  cyclicity.  Since  carbonate  dissolution  on  the  seafloor  can  change 
nannofossil  assemblages  cohsiderably  due  to  the  preferrential  removal  of 
fragile,  dissolution  susceptible  forms  and  enrichment  of  more  robust, 
dissolution  resistant  forms  it  has  to  be  established  first  whether  dissolution  of 
calcareous  nannofossils  occurred  and  may  have  overprinted  original 
abundance  variations.  Several  samples  were  taken  from  each  color-band 
throughout  Section  528-32-1  corresponding  to  sample  spacing  of  about  5  cm 
(or  about  3  ky). 

Dissolution  experiments  performed  on  Cretaceous  calcareous 
nannofossils  by  Thierstein  (1980)  allowed  him  to  rank  the  taxa  according  to 
their  dissolution  resistance.  Micula  staurophora  is  by  far  the  most  dissolution 
resistant  species  in  this  list.  It  is  also  the  most  abundant  taxon  encountered  in 
Hole  528  and  its  relative  abundance  was  recorded  with  respect  to  all  other  taxa. 
The  results  from  Section  528-32-1  arc  plotted  in  Figure  42c.  Two  intervals  of 
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(1)  Percentage  of  dissolution  resistant  taxa  in  Section  528-32-1. 
c)  Abundance  of  M.  staurophora  (%)  relative  to  all  other  calcareous 
nannofossil  taxa  counted  in  this  section.  This  dissolution  resistant  species  is 
enriched  in  samples  where  other  taxa  were  diagenetically  removed. 

0  Percentage  of  dissolution  su.sccptiblc  taxa  (for  further  discussion  sec  text). 
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maximum  enrichment  (>50%  of  all  nannofossils  counted)  of  M_.  staurophora  arc 
discernible:  the  first  one  peaks  at  about  408.15  mbsf,  almost  exactly  coinciding 
with  a  dark  red  layer  (Figure  42a).  The  other  interval  is  really  a  double  peak, 
one  peak  at  407.65  mbsf  almost  coinciding  with  the  second  dark  red  sediment 
layer  in  this  section,  the  other  one  occurred  at  407.45  mbsf  in  fairly  light 
colored  sediment.  This  later  peak  could  be  interpreted  as  an  outlier  among 
generally  decreasing  values  of  M.-  staurophora  (possibly  a  consequence  of  the 
strong  bioturbation  of  the  sediment).  A  comparatively  minor  increase  of  the 
relative  abundances  of  M.-  staurophora  (from  about  20%  to  >30%)  coincides 
with  the  uppermost  red  layer  at  about  407.25  mbsf.  Due  to  the  imperfect 
correlation  of  the  abundance  peaks  of  M.-  staurophora  with  the  red  sediment 
layers  abundance  variations  of  other  solution  resistant  and  susceptible  taxa 
were  examined. 

The  inclusion  of  taxa  in  the  dissolution  resistant  group  was  based  on 
results  of  Thierstein  (1980),  but  slightly  modified:  All  dissolution  resistant  taxa 
of  Thierstein  (1980)  were  included  as  far  as  they  were  present  in  the  material 
investigated,  except  for  the  persistent  and  the  incoming  taxa  because  they 
show  a  genuine  (i.e.  independent  of  preservation)  abundance  increase  in  the 
earliest  Paleocene  (beginning  in  some  forms  in  the  latest  Maestrichtian).  In 
addition,  Ceratolithoides  kamptneri  was  included,  since  it  is  closely  related  and 
morphologically  similar  to  Tetralithus  aculeus.  The  following  taxa  were 
included  among  the  dissolution  resistant  forms: 

Arkhangelskiella  spp.  and  Broinsonia  spp. 

Ceratolithoides  kamptneri 
Cvlindralithus  spp.  (mostly  C..  eallicus) 

Kamptnerius  maenificus 
Lucianorhabdus  caveuxii 
MiCJULia.  spp.  (except  M.-  staurophora) 

Watznaueria  barnesae 

The  relative  abundances  of  these  taxa  were  calculated  exclusive  of  M . 
staurophora.  so  that  this  abundant  species  did  not  influence  (dampen)  their 
percantages  and  the  sum  of  their  abundances  were  plotted  against  depth 
(Figure  42d).  The  same  peaks  are  discernible  as  in  M.-  staurophora.  and  again 
the  abundance  peaks  of  the  solution  resistant  taxa  arc  not  restricted  to  the  red 
sediment  layers.  It  is  noteworthy  in  this  context  that  the  individual  abundance 
fluctuations  of  the  taxa  included  in  the  dissolution  resistant  group  (Figure  4.3) 
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do  not  all  show  the  same  peaks  as  their  combined  graph  (except  Micula  spp.. 
Figure  430-  This  indicates  that  each  taxon  singly  cannot  be  used  as  a 
preservational  indicator,  but  when  they  are  all  combined  their  individual 
fluctuations  (i.e  species-specific  variations)  are  cancelled  out  and  their 
common  traits  (i.e.  dissolution  resistance)  become  enhanced. 

Particularly  dissolution  susceptible  taxa  were  identified  following 
Thierstein’s  (1980)  dissolution  ranking.  Again,  persistent  taxa  (Biscutum  spp.. 
Placozvgus  spp.)  were  omitted  from  the  dissolution  susceptible  group  which 
included: 

Ahmuellerella  octoradiata  and  Parhabdolithus  rggylaris 

Cribrosphaerella  ehrenbergii 

Discorhabdus ignotus 

Eiffellithus  turriseiffeli 

Microrhabdulus  decoratus 

Nephrolithus  frequens 

Prediscosphaera  creatcea 

P.  spinosa 

Vagalpilla  spp. 

The  abundance  variations  of  the  dissolution  susceptible  taxa  were 
plotted  in  Figure  42f.  Hardly  any  differences  between  the  light  and  the  red 
sediment  layers  are  noticeable,  but  two  minimum  values  of  the  dissolution 
susceptible  group  coincide  with  peak  abundances  of  the  dissolution  resistant 
taxa  (at  about  407.45  and  408.15  mbsQ.  Apparently  dissolution  susceptible  taxa 
are  not  very  sensitive  preservation  indicators  but  only  respond  with 
anomalously  low  abundances  in  very  strongly  dissolved  samples. 

Abundance  variations  of  the  most  solution  resistant  nannofossil  taxa 
indicate  that  dissolution  did  affect  the  nannofossil  assemblages.  This  is 
corroborated  in  at  least  two  samples  by  an  abundance  decrease  of  solution 
susceptible  taxa.  The  poor  correlation  of  the  abundance  peaks  of  the  solution 
resistant  taxa  with  the  sediment  colors  may  either  be  due  to  problems  of 
bioturbation,  or  may  indicate  that  increased  dissolution  did  also  occur  during 
the  deposition  of  the  white  sediment  layers  and  was  not  restricted  to  the  red 
ones.  In  this  case  the  increased  clay  content  in  the  red  sediment  layers  cannot 
be  interpreted  as  residual  enrichment  due  to  the  dissolution  of  carbonate  but 
as  a  consequence  of  increased  clay  influx  (due  to  increa.sed  wind  strength?). 


125 


lb)  Nannofossil  Fluctuations  During  the  Last  75  ky  of  the 
Maestrichtian 

The  high  sample  resolution  during  the  last  7.5  m  of  the  Maestrichtian 
(one  sample  every  ~5cm,  corresponding  to  a  temporal  resolution  of  about  3  ky) 
allowed  the  identification  of  very  short  term  fluctuations  in  some  taxa  which 
seemed  to  be  independant  of  preservational  overprint.  Relative  abundance 
fluctuations  are  discussed  in  the  following  chapter.  Some  taxa  show  peculiar 
abundance  variations  throughout  Section  528-32-1  (about  66.40  to  66.48  Ma). 
Placozvgus  fibuliformis  decreased  in  abundance  during  the  last  80  ky  of  the 
Maestrichtian  (Figure  44a).  Superimposed  on  this  general  trend  are  shorter 
fluctuations  which  do  not  coincide  with  the  color  bands  (i.e.  preservation). 

The  fact  that  most  of  the  peaks  and  troughs  are  defined  by  multiple  data  points 
and  the  observation  that  these  fluctuations  occur  independent  of 
preservational  cycles  suggest  that  these  abundance  variations  are  genuine. 
These  fluctuations  are  particularly  well  developed  between  about  66.47  and 
66.42  Ma  and  appear  to  be  cyclical  with  a  period  of  about  11-14  ky.  This  is  about 
half  of  the  precessional  wavelength  and  thus  may  be  a  response  to  orbital 
forcing  (D'Hondt,  oral  communication).  This  is  particularly  interesting  since 
this  species  showed  pronounced  abundance  variations  during  the  latest 
Maestrichtian  in  ODP  Hole  690C  apparently  as  a  response  to  changing  water 
temperatures  (5**0)  or  changing  nutrient  levels  (5*^C). 

Prediscosphaera  stoveri  constituted  about  5-10%  of  the  nannofossil 
assemblage  during  the  last  75  ky  of  the  Maestrichtian  (Figure  44b).  Like  P. 
fibuliformis  this  species  shows  short  term,  cyclical  abundance  fluctuations 
with  period  of  ~10  ky.  The  values  fluctuate  over  -5%,  which  is  much  more  than 
in  E.  fibuliformis.  but  they  are  less  regularly  spaced.  Also  the  abundance 
fluctuations  of  D.-  ignotus  (Figure  44c)  resemble  those  of  E-  fibuliformis 
between  about  66.46  and  66.40  Ma  and  may  contain  a  cyclical  signal  of  slightly 
less  than  lOky.  Since  H.  ignotus  was  quite  rare  throughout  this  interval 
(mostly  <1.5%)  it  is  difficult  to  assess  the  reliability  of  these  abundance 
variations. 

Increases  in  relative  abundances  during  the  last  ~75  ky  of  the 
Maestrichtian  were  observed  in  Arkhangelskiella  spp.  and  Broinsonia  spp.,  C.- 
chrenbergii.  Cvlindralithus  spp.,  E.  parallclus.  and  M..  murus  and  M..  prinsii 
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(Figure  44d-h).  Superimposed  on  the  general  abundance  increase  of 
Eiffellithus  parallelus  (Figure  44g)  are  short  term  variations  that  varied 
opposite  to  the  abundance  fluctuations  of  M..  staurophora  and  of  the  dissolution 
resistant  taxa  which  indicates  that  this  species  should  be  considered  a 
dissolution  susceptible  taxon.  The  fact  that  it  was  not  included  in  the 
dissolution  susceptible  group  discussed  above  did  not  change  the  results  since 
this  species  was  very  rare  (<1%)  in  Section  528-32-1.  Thus  the  abundance 
increases  cannot  be  explained  as  preservational  artifacts  since  dissolution 
susceptible  (C..  ehrenbergii.  E..  parallelus)  as  well  as  dissolution  resistant 
(Arkhangelskiella  and  Broinsonia.  Cylindralithus.  M .  murus  and  M.-  prinsii) 
taxa  show  similar  patterns.  Furthermore,  not  all  dissolution  resistant  taxa 
increase  in  abundance  during  this  time  interval. 

Eiffellithus  turriseiffeli.  K..  magnificus  and  bL-  frequens  (Figure  44i-j, 
45a)  displayed  rather  constant  relative  abundances  during  most  of  the  last  100 
ky  of  the  Maestrichtian  but  all  three  species  had  increased  abundance  values 
immediately  preceding  the  K/P  boundary.  Nephrolithus  frequens  has  another 
peak  of  similar  magnitude  about  20  ky  earlier.  This  common  trend  cannot  be 
explained  as  dissolution  artifact  since  turriseiffeli  and  bL-  frequens  are  more 
dissolution  prone,  whereas  K..  magnificus  is  rather  dissolution  resistant  (based 
on  Thierstein,  1980). 

Generally  decreasing  relative  abundances  throughout  the  last  -75  ky  of 
the  Maestrichtian  were  observed  in  A.-  octoradiata  and  E.-  regularis. 

Lithastrinus  spp.,  and  £.  fibuliformis  (Figure  44a,  45b-c).  Ahmuellerella 
octoradiata  and  £..  reglaris  show  generally  lower  values  in  samples  where  the 
solution  resistant  taxa  were  enriched,  indicating  that  these  forms  are 
susceptible  to  dissolution.  This  observation  supports  Thierstein's  (1980) 
ranking.  Lithastrinus  spp.  is  comparatively  rare  (<2%);  its  highest  values  were 
recorded  in  the  same  sample  where  M.-  staurophora  had  one  of  its  abundance 
peaks  (at  about  66.46  Ma)  which  is  interpreted  here  that  Lithastrinus  spp.  are 
somewhat  resistant  to  dissolution. 

Cretarhabdus  spp.,  Cyclagelosphaera  spp.,  G..  fessus.  and  T.  decorus  all 
display  increased  abundances  between  about  66.45  and  6.43  Ma  (Figure  45d-g). 
This  time  interval  corresponds  roughly  to  the  interval  of  decreased 
abundances  of  the  dissolution  resistant  taxa  (particularly  with  low  abundances 
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Figure  45:  Fluctuations  of  relative  abundances  (%)  of  calcareous  nannofossil 
taxa  during  the  last  100  ky  of  the  Maestrichtian  in  Hole  528.  The 
Cretaceous/Paleocene  boundary  was  drawn  at  66.4  Ma  (after  Bcrggren  et  al., 
1985). 
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of  M.-  staurophoral.  This  would  indicate  that  these  four  taxa  became  relatively 
more  abundant  in  comparatively  well  preserved  sediment  and  that  they  should 
be  considered  as  dissolution  susceptible. 

Rhagodiscus  spp.  and  Stephanolithion  spp.  are  very  rare  during  the  last 
100  ky  of  the  Maestrichtian  (<1%,  Figure  46h-i)  but  both  taxa  seem  to  be  rather 
dissolution  susceptible  as  they  displayed  especially  low  abundances  (or  were 
absent)  in  the  samples  from  the  red  sediment  layers. 

Some  of  the  most  abundant  taxa  in  Hole  528  did  not  show  any 
conspicuous  abundance  trends  during  the  last  -75  ky  of  the  Maestrichtian. 

They  include  Lithraphidites  spp.,  M.-  decoratus.  £..  cretacea.  P.  spinosa.  and  W . 
barnesae  (Figure  46j-l,  47a-b).  Microrhabdulus  decoratus  remained  virtually 
constant  with  the  exception  of  slightly  lower  values  in  the  red  sediment 
layers,  which  agrees  with  the  dissolution  ranking  of  this  taxon  as 
comparatively  dissolution  susceptible  by  Thierstein  (1980).  Prediscosphaera 
cretacea.  £..  spinosa.  and  VL-  barnesae  displayed  comparatively  strong 
variability  between  adjacent  samples  which  cannot  be  explained  by  different 
preservation.  Except  Lithraphidites  spp.  and  barnesae  all  taxa  mentioned 
above  were  included  in  the  dissolution  susceptible  group  discussed  above. 

Their  comparatively  low  variability  between  red  and  white  layers  is 
apparently  the  reason  for  the  fact  that  the  dissolution  susceptible  group  do  not 
vary  significantly  between  the  red  and  the  white  layers.  This  is  in  contrast  to 
the  dissolution  resistant  group  where  the  combination  of  several  taxa 
enhances  the  weak  preservational  signals  contained  in  each  individual  taxon. 

2)  Nannofossil  Variations  Between  67.2  and  66.2  Ma 

Below  Section  528-32-1  samples  were  taken  from  the  white  intervals 
only  since  dissolution  was  less  severe  and  nannofossil  preservation 
accordingly  better  than  in  the  red  layers.  The  results  described  below  arc 
primarily  fluctuations  of  relative  abundances;  absolute  abundances  were 
included  for  selected  taxa  when  they  showed  abundance  changes  more 
conspicuously.  Four  samples  were  examined  from  the  Core  Catcher  and  from 
Section  7  of  Core  528-31  because  it  was  unclear  whether  the  exact  location  of 
the  K/P  boundary  was  in  528-3 1-CC  or  whether  it  was  between  Cores  528-31  and 
528-32.  Ultimately  the  K/P  boundary  was  placed  between  Cores  528-31  and  528- 
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32,  resulting  in  a  Paleocene  age  for  four  of  the  samples  investigated  (between 
66.4  and  66.2  Ma). 

The  assemblage  at  this  mid  latitude  site  is  more  diverse  than  it  was  at 
high  latitude  Site  690C.  On  average  40  taxa  per  sample  were  encountered.  This 
is  more  than  in  the  latest  Maestrichtian  in  Hole  690C  where  the  number  of  taxa 
encountered  per  sample  was  only  about  20. 

Several  taxa  displayed  higher  abundance  between  about  67.2  and  66.9 
Ma.  Biscutum  constans  (Figure  47a)  was  very  rare  prior  to  -67.1  Ma,  then  it 
increased  very  abruptly  and  reached  peak  abundances  of  >10%  at  67.1  Ma; 
subsequently  the  abundance  of  this  species  decreased  again  to  very  low  values 
(<1%)  at  about  66.9  Ma.  During  the  remainder  of  the  Maestrichtian  B..  constans 
was  rare  but  its  abundance  increased  again  in  the  early  Danian  (66.4  to  66.2 
Ma).  Very  similar  is  the  abundance  distribution  of  Biscutum  sp.  1  (Figure  47b). 

The  abundance  distribution  of  C.-  kamptneri  resembles  that  of  B.. 
constans  (Figure  47c)  as  it  constituted  up  to  >6%  of  the  assemblage  between 
-67.2  and  67.1  Ma,  decreased  to  very  low  values  (<1%)  at  about  66.9  Ma  and 
stayed  very  low  for  the  remainder  of  the  Maestrichtian.  Eiffellithus  parallelus 
displayed  the  same  abundance  variations  (Figure  48d);  between  about  67.2  and 
66.9  Ma  its  abundance  was  highest  (up  to  >4%);  it  had  decreased  to  values  <1% 
by  66.9  Ma  and  remained  at  these  low  abundances  for  the  remainder  of  the 
Maestrichtian.  Kamptnerius  magnificu.s  was  always  rare  (<1.5  %,  Figure  47e) 
but  its  abundances  were  slightly  higher  prior  to  66.9  Ma  than  thereafter.  The 
abundance  pattern  of  L.-  carniolensis  was  similar  to  that  of  K.-  magnificus  with 
higher  abundance  prior  to  -66.9  Ma  (Figure  47f).  Staurolithites  laffittei  was  a 
comparatively  rare  component  (always  <2%.  Figure  47g),  but  it  was  recorded  in 
almost  all  samples  prior  to  66.9  Ma.  After  that  its  abundance  became  so  rare 
that  it  was  encountered  only  sporadically  in  the  counts.  Stephanolithion  spp. 
decreased  in  abundance  from  >2%  prior  to  about  67  Ma  to  values  between  1-2% 
thereafter.  Teichorhabdus  ethmos  was  extremely  rare  in  all  samples 
investigated  (<1%);  it  was  recorded  in  most  samples  prior  to  about  66.65  Ma,  but 
not  in  any  younger  sample.  Also  M.-  oemmatoidea  is  very  rare  (<0.6%,  Figure 
47j),  but  more  frequent  in  the  lower  part  of  the  section  than  in  the  upper  part. 
The  relative  and  the  absolute  frequencies  of  species  of  Rhagodiscus  (Figure 
47k,  1)  reve.r'led  that  these  species  displayed  an  abundance  peak  around  67.1 
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Ma,  whereafter  ihey  were  encountered  rarely  (usually  <1%)  up  to  the  K/P 
boundary. 

The  taxa  illustrated  in  Figure  48  are  those  whose  abundance  decreased 
steadily  during  the  last  800ky  of  the  Maestrichtian.  The  trend  was  very 
conspicuous  in  D..  ignotus  (Figure  48a).  In  L..  quadratus  the  plot  of  absolute 
frequency  (Figure  48c)  showed  the  decrease  more  clearly  than  the  relative 
frequencies  (Figure  48b);  the  same  was  true  for  tJ.-  frequens  (Figure  48d,  e) 
which  was  quite  rare  in  most  samples  (<1%)  in  Hole  528. 

All  taxa  whose  abundance  patterns  were  illustrated  on  Figure  49  had 
lower  abundances  in  the  earlier  part  of  the  section  than  in  the  later  part. 
Whereas  this  trend  is  not  very  pronounced  in  A.,  octoradiata  and  £.  regularis.  it 
is  fairly  obvious  in  the  other  taxa.  Cretarhabdus  spp.  displayed  maximum 
values  at  about  66.9  Ma  and  declined  in  abundance  until  the  K/P  boundary.  In 
Q..  fessus  increased  values  were  observed  between  ~67  and  66.6  Ma  (in  relative 
and  in  absolute  abundances.  Figure  49c,  d),  a  decline  occurred  during  the  last 
200  ky  of  the  Maestrichtian.  The  patterns  was  slightly  different  in  M.- 
decoratus  which  reached  peak  values  only  later,  at  -66.6  to  66.5  Ma;  also  in  this 
species  a  decline  occurred  during  the  last  100  ky  of  the  Maestrichtian.  Micula 
murus  and  M..  prinsii  were  combined  due  to  the  difficulty  of  consistent 
differentiation.  Although  present  throughout  the  entire  interval  investigated 
both  forms  were  too  rare  to  be  registered  between  about  67.2  and  67.05  Ma 
(Figure  49g).  Between  -67.05  and  66.9  Ma  these  species  increased  to  about  2-3% 
and  maintain  this  abundance  until  about  66.5  Ma.  Values  increased  to  -5% 
during  the  last  100  ky  of  the  Maestrichtian.  Tranolithus  macleodae  was 
virtually  absent  from  the  assemblages  prior  to  about  67  Ma;  thereafter  it  was 
recorded  in  almost  all  samples  in  strongly  fluctuating  abundances  (between 
0.1  and  3%,  Figure  49h).  Cvlindralithus  spp.  (Figure  49i)  also  displayed  lower 
abundances  between  about  67.2  and  66.9  Ma  than  thereafter. 

The  taxa  on  Figure  50  displayed  isolated  abundance  peaks. 
Arkhangelskiella  and  Broinsonia  displayed  two  abundance  peaks,  at  -67  Ma 
and  at  66.7  Ma  (Figure  50a,  b).  The  relative  abundances  of  C.-  ehrenbergii  do  not 
fluctuate  very  much  (Figure  50c)  but  in  the  absolute  abundances  the 
variability  is  more  pronounced  (Figure  50d):  abundance  peaks  are  apparent  at 
67.1  Ma,  around  66.8  Ma,  and  at  about  66.6  Ma.  Also  £.  trabcculatus  showed 
increased  abundances  at  -67  Ma  and  at  66.6  Ma.  Clearly  enhanced  relative 
abundances  are  present  in  Lithastrinus  spp.  at  67  Ma  (Figure  500-  W atzn aucri a 
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Crciaccous/Palcoccnc  boundary  was  placed  at  66.4  Ma  (after  Berggren  ct  al., 

1985).  The  abundances  arc  cither  expressed  as  relative  abundances  (%)  or  as 
absolute  abundances  (10*  x  number  of  specimens  per  gram  sediment). 
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barnesac  was  one  of  the  most  abundant  species  in  Hole  528;  abundance  peaks 
are  conspicuous  at  ~67  Ma  and  between  -66.6  and  66.5  Ma  (Figure  50g,  h). 
Zvgodiscus  sp.  1  showed  a  conspicuous  abundance  peak  at  66.6  Ma  (Figure  50i). 

In  the  relative  abundance  plot  of  P..  fibuliformis  (Figure  51a)  several 
abundance  peaks  were  registered:  67.2,  66.9,  66.75,  66.6  and  66.5  Ma.  Since  a 
tentative  cyclicity  of  about  11-14  ky  was  identified  in  this  species  in  the  high 
resolution  study,  these  abundance  peaks  were  possibly  a  consequence  of 
aliasing  (especially  as  their  amplitude  is  comparable  to  the  amplitude  of  the 
11-14  ky  cycles).  In  the  absolute  abundance  plot  (Figure  51b)  only  three  (and 
possibly  four)  abundance  peaks  remained:  at  67.2  Ma,  at  66.75  Ma,  and  at  66.6 
Ma  (and  possibly  a  minor  peak  around  66.5  Ma).  The  fact  that  the  amplitude  of 
the  peaks  at  67.2  and  at  66.6  Ma  is  considerably  higher  than  the  amplitude  of 
the  high  frequency  cycles  makes  aliasing  as  the  cause  of  these  peaks  unlikely 
(but  not  impossible).  1  conclude  therefore  that  the  abundance  peaks  at  67.2,  at 
66.75  and  at  66.6  Ma  are  genuine  features.  Prediscosphaera  stoveri  was  one  of 
the  most  abundant  species^ in  Hole  528.  Its  abundances  decreased  abruptly  at 
-66.7  Ma  to  about  half  their  previous  values  (Figure  51c,  d).  Tetrapodorhahdu.s 
decorus  showed  a  fairly  pronounced  abundance  peak  at  66.6  Ma.  Eiffellithus 
turriseiffeli  and  L-  praequadratus  (Figure  52h-k)  displayed  considerable 
variability  in  their  abundance  records,  but  on  average  they  hardly  changed 
during  the  last  800  ky  of  the  Maestrichtian. 

The  persistent  and  the  incoming  taxa  arc  plotted  in  Figure  52a-h.  The 
fact  that  Thoracosohaera  was  virtually  absent  during  the  Maestrichtian,  but 
very  abundant  during  the  Paleocene  (Figure  52g)  indicates  that  bioturbation  - 
although  very  conspicuous  and  ubiquitous  in  the  sediment  -  did  not  cause 
extensive  reworking  of  calcareous  nannofossils  downsection. 

Prediscosphaera  cretacea  did  not  show  any  conspicuous  abundance 
excursions  in  the  interval  studied  (Figure  53a,  b).  A  steady  decline  was 
registered  in  the  absolute  abundance  plot  of  this  species  during  the  last  100  ky 
of  the  Maestrichtian  (Figure  53b).  The  abundance  distribution  of  EL-  spinosa 
was  similar  to  that  of  E,.  cretacea.  but  the  abundance  decline  in  this  species 
started  already  200  ky  prior  to  tl  K/P  boundary  (Figure  53c,  d).  The 
percentage  of  unidentifiable  cai  ...cous  nannofossils  remained  fairly  constant 
throughout  the  section  (Figtic  :  Lc).  The  comparatively  constant  relative 
abundances  of  M.-  staurophora  between  67.2  and  66.5  Ma  indicated  that  the 
preservation  of  calcareous  nannofossils  varied  within  fairly  narrow  limits. 
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absolute  abundances  (10*  x  number  of  specimens  per  gram  sediment). 


Uiurudoi^hMti  bifclowii  CycUgetotphtcra  tpp  Hcaaliihut  t|>p  Maikaliuiiavcitut  Ncociepidolilhui  ipp  t’  iigmoidci 


139 


CD 


(•w)»*v 


1V83;.  me  aDundances  arc  either  expressed  as  relative  abundances  (%)  or  as 
absolute  abundances  (10*  x  number  of  specimens  per  gram  sediment). 


r  ipiAota  p  ifinou  UnideniifiiMes  Muuia  ii»ur(vtto> 


140 


(5 


«» 


(fW)atv 


(•W)a*V 


Figure  53;  Abundance  fluctuations  of  calcareous  nannofossil  taxa  between  67.2 
and  66.2  Ma  in  DSDP  Hole  528  (Sections  528-31-7  to  528-33-4).  The 
Cretaceous/Paleocene  boundary  was  placed  at  66.4  Ma  (after  Berggren  et  al., 
1985).  The  abundances  arc  either  expressed  as  relative  abundances  (%)  or  as 
absolute  abundances  (10*  x  number  of  specimens  per  gram  sediment). 
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5)  Millers  Ferry  Section  (Borehole  226),  Alabama 

The  counts  were  performed  on  smear  slides  during  an  early  stage  of  this 
study.  The  preservation  between  samples  in  this  hole  varies  strongly  with  the 
lithology;  in  some  of  the  clay  rich  samples  it  was  excellent,  while  it  was  poor 
when  the  sand  content  was  high. 

Cribrosphaerella  ehrenbergii  (Figure  54a)  increased  in  abundance 
throughout  the  section  (from  ~5%  to  -20%).  A  high  intraspecific  variability 
was  recorded  in  this  species;  elliptical,  parallel  sided,  triangular,  and  round 
morphotypes  were  observed.  The  intraspecific  variability  did  not  change 
appreciably  throughout  the  section. 

Prediscosphaera  stoveri  (Figure  54b)  decreased  during  the  last  -250  ky 
of  the  Maestrichtian  from  -15-20%  to  -5%.  An  abundance  peak  of  similar 
magnitude  of  this  species  was  also  recorded  by  Jiang  and  Gartner  (1986)  in  the 
Brazos  River  Section. 

The  abundance  of  Prediscosphaera  spinosa  (Figure  54c)  was  very  low 
prior  to  -66.57  (<1%),  it  increased  to  almost  2%  between  -66.57  and  66.52,  and 
became  very  rare  thereafter.  Only  in  two  samples  at  -66.42  and  -66.4  Ma  were 
higher  values  (-2%)  recorded  again. 

The  abundance  pattern  of  £..  exiguum  (Figure  54d)  was  similar  to  that  of 
E.  spinosa.  This  species  occurred  more  abundantly  (->2%)  between  -66.57  and 
66.50  Ma,  and  very  rarely  (<1%)  before  and  after  this  abundance  peak.  A 
similar  abundance  pattern  was  recorded  for  the  species  of  Cretarhabdus 
(Figure  54e);  peak  values  occurred  at  -66.55  Ma  (~3%),  with  a  gradual  increase 
before  and  a  gradual  decrease  afterwards. 

Species  of  Thoracosphaera  (Figure  54f)  increased  abruptly  in 
abundance  at  -66.5  Ma  (from  -<2%  to  -4%). 

Watznaueria  barnesae  and  M..  staurophora  (Figure  54g,  h)  were  the  most 
abundant  taxa  (10-30%)  at  this  site.  A  gradual  increase  in  the  abundance  of  W . 
barnesae  occurred  between  -66.65  Ma  and  -66.45  Ma.  After  66.45  Ma  the 
abundance  of  this  species  dropped  abruptly  from  >20%  to  <10%.  Micula 
staurophora  did  not  display  any  gradual  abundance  changes  during  the  last 
-250  ky  of  the  Maestrichtian  but  remained  fairly  constantly  at  -10-15%. 

Isolated  abundance  peaks  were  recorded  in  isolated  samples  and  are 
interpreted  as  a  preservational  artifact  (see  below). 
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The  abundance  of  species  of  Biscutum  (Figure  54i)  remained  around  1% 
in  most  samples.  Only  in  three  samples  did  this  taxon  exceed  2%. 

Discorhabdus  ignotus  (Figure  54j)  is  common  in  the  Millers  Ferry 
Section  (~S%  in  most  samples).  In  some  samples  the  abundance  of  this  species 
is  conspicuously  lower  than  in  the  adjacent  samples  (almost  0%)  and  is 
interpreted  as  a  preservational  artifact.  An  outstanding  high  abundance 
(~15%)  of  D.-  ignotus  was  recorded  in  one  sample  at  -66.402  Ma. 

The  abundance  of  P.  fibuliformis  (Figure  54k)  fluctuated  between  -0.2 
and  2%  during  the  last  -250  ky  of  the  Maestrichtian.  Elevated  abundance 
values  (-2%)  are  concentrated  between  -66.5  and  -66.45  Ma,  but  no  conspicuous 
abundance  peaks  were  recorded. 

The  most  abundant  taxa  and  sample  preservation 

The  isolated  abundance  peaks  of  M--  staurophora  were  recorded  in 
samples  where  visual  inspection  revealed  that  the  preservation  was  poor. 
Therefore  these  abundance  peaks  are  considered  to  be  preservational  artifacts. 
Similarly,  the  isolated  abundance  decreases  of  fi..  ignotus  were  recorded  in  the 
same  samples  as  the  abundance  peaks  of  M--  staurophora  and  are  therefore 
considered  to  be  preservational  artifacts  as  well.  These  patterns  agree  well 
with  the  solution  ranking  of  Thierstein  (1981).  On  the  other  hand,  it  is 
surprising  that  none  of  the  other  taxa  described  above  show  the  same  trends. 
This  indicates  that  M.-  staurophora  and  D..  ignotus  are  much  more  sensitive 
dissolution  indicators  than  the  other  taxa. 
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CHAPTER  5 
DISCUSSION 

The  abundance  patterns  described  above  can  be  grouped  into  (i) 
evolutionary  (i.e.  extinctions,  originations)  and  (ii)  biogeographic  changes 
(migrations,  increase  and  decrease  of  abundances).  They  are  discussed  below 
in  latitudinal  order,  proceeding  from  high  southern  latitudes  to  mid-  and  low 
latitudes. 

1)  Maestrichtian  Evolutionary  and  Biogeographic  Events  in 

High  Latitudes 

(A)  Evolutionary  Changes 
(a)  Extinctions 

Biscutum  boletum.  £..  coronum.  B..  dissimilis.  Jg..  maenum. 
Misceomarginatus  spp.,  Monomarginatus  spp.,  Ii,.  watkinsii.  H,.  corvstus. 
magnus.  P.  obscurus.  P.  firthii.  and  Reinhardtites  spp.,  became  extinct  during 
the  early  and  early  late  Maestrichtian  (e.g.  Pospichal  and  Wise,  1990;  Watkins, 
1992;  Bralower  and  Siesser,  1992;  this  study).  My  data  show  that  these  twelve 
taxa  represent  about  a  third  of  all  taxa  present  (~35-40),  but  constitute  only 
-20-25%  of  the  assemblages.  From  the  chronology  derived  for  Hole  690C  the 
extinctions  occurred  within  a  short  stratigraphic  interval  from  -72.4  Ma  to 
-70.4  Ma  (Figure  55).  Many  of  these  taxa  were  restricted  to  the  southern 
hemisphere.  Only  coronum.  £..  dissimilis.  magnum.  Monomarginatus 
quaternarius.  Q_.  magnus  and  Reinhardtites  spp.  are  also  known  from  northern 
high  latitudes  (e.g.  in  Japan:  Okada  et  al.,  1987;  in  England  and  northern 
Germany:  Burnett,  1990;  in  England;  Black,  1972;  in  Poland:  Deflandre,  1959). 


Ol) _ Originations 

In  high  latitudes  Nephrolithus  frequens  is  the  only  taxon  that 
originated  during  the  Maestrichtian  (between  -71.2  and  70.4  Ma  in  Hole  690C) 
and  was  one  of  the  most  abundant  taxa  in  high  latitudes  (20-40%;  Figure  18a; 
Table  6).  During  the  late  Maestrichtian  this  species  occurred  in  progressively 
lower  latitudes  (Pospichal  and  Wise,  1990a;  sec  also  Chapter  3,  Biohorizons) 
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Figure  55:  Sequence  of  extinctions  around  the  early/late  Maestrichtian 
boundary  in  high  southern  latitudes  (ODP  Hole  690C).  All  taxa  marked  with  an 
asterisk  (*)  are  considered  to  by  austral  taxa  (sec  text). 
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indicating  either  (i)  that  high  latitude  surface  water  conditions  extended  into 
lower  latitudes  in  the  late  Maestrichtian  or  (ii)  that  the  ecological  tolerance  of 
this  species  increased  to  include  low  latitude  conditions  (see  below). 

(B)  Biogeographic  changes 

(a)  Emigrations 

In  addition  to  the  twelve  species  that  became  extinct,  twelve  more  taxa 
(Biscutum  constans.  B..  notaculum.  Biscutum  sp.  1.  garrisonii.  antphipong, 
H.  ignotus.  Bl.-  rhombicum.  S.-  fossilis.  iaffillci.  W.-  barngsac.  Z  COmpactUS.  and 
Z.-  diplogrammus’i  disappeared  from  high  latitudes  (or  became  extremely  rare) 
during  the  Maestrichtian  (Figure  56)  but  persisted  into  or  throughout  the  late 
Maestrichtian  at  mid-  and  low  latitudes  (compare  with  range  charts  in  e.g. 
Pospichal  and  Wise,  1990;  Resiwati,  1991;  Bralower  and  Siesser,  1992:  this 
study).  All  of  these  taxa  were  fairly  rare  during  the  early  Maestrichtian  (<5%, 
Table  6)  except  for  B..  constans  and  B..  notaculum  which  reached  peak 
abundances  of  almost  10%  and  almost  40%,  respectively  (Table  6).  Most  of  these 
disappearances  (and  abundance  decreases)  occurred  during  the  same  time 
interval  (~72.4  to  ~70.4  Ma)  as  the  extinctions  mentioned  above. 

(b)  Abundance _ Changes 

Decreasing  abundance:  Ahmuellerella  octoradiata.  P.  spinosa  and  £. 
arkhangelskvi  decreased  in  abundance  during  the  early  and  early  late 
Maestrichtian  (-74-69  Ma:  Figure  57a,  b).  Prediscosphaera  arkhangelskvi  was 
virtually  absent  after  -68.5  Ma  whereas  A.,  octoradiata  and  £..  spinosa  increased 
in  abundance  again  after  -68  Ma  (Figure  57a,  b).  Thoracosphaera  spp. 
decreased  gradually  throughout  the  entire  Maestrichtian  (Figure  57d).  Also 
Vagalapilla  spp.  decreased  in  abundance  between  the  earliest  and  the  latest 
Maestrichtian  but  between  -72-67  Ma  its  abundance  remained  virtually 
constant  (Figure  57e).  These  taxa  (except  for  Thoracosphaera  spp.)  were  more 
abundant  in  high  latitudes  than  in  mid-  or  low  latitudes. 

Increasing  abundance:  Cribrosphaerella?  daniae  and  tL-  frequens 
increased  abruptly  in  abundance  between  -71.1-70  Ma  (Figure  58a,  b). 
Kamptnerius  magnificus.  E.  cretacea  and  E.  stoveri  also  increased  in 
abundance,  but  more  gradually  (Figure  58  c,  d,  e).  Glaukolithus  fessus 
displayed  a  fairly  sudden  abundance  increase  around  69  Ma  (Figure  59a) 
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Figure  56;  Sequence  of  regional  disappearances  of  taxa  around  the  carly/laic 
Maestrichtian  boundary  in  high  southern  latitudes  (ODP  Hole  690C).  The 
dashed  lines  indicate  that  some  of  these  taxa  were  recorded  very  rarely  in  at 
least  one  sample  in  the  upper  Maestrichtian. 
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whereas  Arkhangelskiella  spp.  and  Broinsonia  spp,  Q..  ehrcnbgrS-ii. 
Cretarhahdus  spp.  and  L..  caveuxii  increased  in  abundance  gradually 
throughout  the  Maestrichtian  (Figure  59b,  c,  d,  e).  These  taxa  dominated  the 
late  Maestrichtian  nannoplankton  assemblages. 

In  southern  high  latitudes  conspicuous  changes  of  the  nannoplankton 
associations  occurred  close  to  the  early/late  Maestrichtian  boundary  (~71  Ma): 

(i)  About  one  third  of  all  taxa  (corresponding  to  ~>20%  of  the  specimens) 
became  extinct  within  two  million  years  (between  ~72.4  and  ~70.4  Ma). 

(ii)  Another  third  of  all  taxa  (corresponding  to  ~>40%  of  all  specimens) 
disappeared  from  high  southern  latitudes  (or  became  extremely  rare)  but 
persisted  in  mid-  and  low  latitudes  to  the  K/P  boundary  (66.4  Ma). 

(iii)  Most  of  the  dominant  nannoplankton  species  in  the  late  Maestrichtian 
were  rare  during  the  early  Maestrichtian. 

(iv)  Only  one  species  (£L.  frequensl  originated  during  the  Maestrichtian 
(between  -71.2  and  70.4  Ma)  in  high  southern  latitudes. 


2)  Maestrichtian  Evolutionary  and  Biogeographic  Events  in 
Mid/Low  Latitudes 

(A)  Evolutionary  Changes 

(a)  Extinctions 

Five  taxa  (B..  parca.  Q..  trifidum.  X-  phacelosus.  E..  levis.  P.  copulatus) 
became  extinct  during  the  early  Maestrichtian  in  mid-  and  low  latitudes  and 
have  been  used  for  stratigraphic  purposes  (e.g.  Bukry,  1973;  Sissingh,  1977; 
Roth,  1978;  Perch-Nielsen,  1979a,  1983;  Bralower  and  Siesser,  1992).  Because 
only  upper  Maestrichtian  sediments  were  investigated  from  mid-  and  low 
latitude  sites,  it  is  not  possible  to  evaluate  the  severity  of  the  early 
Maestrichtian  extinctions  or  to  compare  them  with  those  in  high  latitudes.  No 
extinctions  were  observed  in  mid-  and  low  latitudes  during  the  late 
Maestrichtian  (after  -71  Ma). 
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£12} — Originations 

Three  taxa  (Lithraphidites  quadratus.  Micula  murus.  and  prinsiil 
originated  during  the  late  Maestrichtian  and  have  been  used  for  stratigraphic 
purposes  (e.g.  Cepek  and  Hay,  1969;  Bukry,  1973;  Perch-Nielsen,  1979).  Their 
first  occurrences  are  at  ~69.0  Ma,  ~67.6  Ma  and  -66.6  Ma,  respectively  (see 
Chapter  3,  Biohorizons).  Micula  murus  reached  abundances  of  >5%  in  some 
sev'tions  (Table  6),  whereas  L..  quadratus  and  M.-  prinsii  never  exceeded  5% 
(Table  6). 

(B)  Biogeographic  Changes  and  Abundance  Changes 

Worsley  (1974)  reported  that  L.-  caveuxii  was  restricted  to  the  early 
Maestrichtian  in  tropical  latitudes,  but  was  still  present  in  the  late 
Maestrichtian  in  high  latitudes. 

Wind  (1979a)  examined  Campanian  and  Maestrichtian  nannoplankton 
abundance  changes  in  the  southern  hemisphere  (in  mid-  to  high  southern 
latitudes  of  the  Atlantic  and  Indian  Oceans).  He  documented  primarily 
nannoplankton  provincialism  and  indicated  that  a  sharp  boundary  across  the 
Falkland  Plateau  separated  the  high  latitude  taxa  from  the  mid-  latitude 
nannoplankton  community  (with  abundant  B..  constans  and  M.-  staurophoral. 
He  also  documented  an  abundance  increase  of  V£..  barnesae  and 
Cvclagelosphaera  spp.  from  mid-  to  low  latitudes.  Wind  (1979a)  did  not  report 
abundance  changes  of  individual  species  through  time.  Instead  he  examined 
changes  in  the  dominance  of  assemblages  (groups  of  taxa  with  similar 
latitudinal  preferences)  and  changes  of  ratios  of  certain  nannoplankton  taxa 
(E..  magnum  and  B..  coronum  vs.  S.-  constans:  M.-  staurophora  vs.  W.-  barnesae 
and  Cyclagelosphaera  spp.).  Due  to  this  grouping  the  abundance  changes  of 
individual  taxa  cannot  be  derived  from  the  trends  he  reported.  Comparison 
with  his  raw  data,  however,  revealed  some  of  the  same  trends  recognized  in 
this  study  (see  below). 

Only  one  study  has  attempted  to  investigate  Maestrichtian 
nannoplankton  biogeographic  patterns  on  a  global  scale  (Thierstein,  1981). 
The  subsequent  dearth  of  similar  studies  may  be  due,  in  part,  to  Thierstein's 
conclusion  that  no  nannoplankton  biogeographic  or  abundance  changes 
occurred  during  the  latest  Cretaceous.  Thierstein  (1981)  confirmed  the  results 
of  previous  authors  (e.g.  Worsley  and  Martini,  1970;  Worsley,  1974;  Thierstein, 
1976;  Wind,  1979a)  that  latitudinally  defined,  nannoplankton 
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paleoprovincialism  was  strongly  developed  during  the  latest  Cretaceous.  Wise 
(1988)  interpreted  this  provincialism  as  a  function  of  surface  water 
temperatures. 

Doeven  (1983)  investigated  nannoplankton  abundance  patterns  during 
the  Campanian  and  Maestrichtian  in  the  northwest  Atlantic  Ocean  (Canadian 
Atlantic  margin).  He  performed  abundance  counts  on  29  samples  from  nine 
drillholes,  and  as  a  consequence  the  chronologic  resolution  is  quite  low 
(usually  one  sample  per  nannofossil  zone).  He  reported  only  the  abundance 
variations  of  the  most  abundant  taxa  (at  least  >=2%  in  one  sample)  but  worked 
primarily  at  the  generic  level.  He  noted  a  pronounced  abundance  increase  in 
A.,  cvmbiformis  from  Campanian  to  Maestrichtian.  a  concurrent  decrease  of  W . 
barnesae.  and  a  frequency  decrease  of  Biscutum  spp.  during  the 
Maestrichtian.  He  considered  these  changes  genuine,  because  preservation  did 
not  change  significantly  between  samples  and  he  interpreted  them  as 
reflecting  a  temperature  decrease.  No  abundance  changes  of  M.-  staurophnra 
and  iSi..  barnesae  were  observed  in  this  study,  possibly  due  to  the  fact  that  only 
the  late  Maestrichtian  was  investigated  (i.e.  the  abundance  changes  in  these 
two  taxa  were  not  recorded  because  they  occurred  earlier). 

In  my  study  no  change  in  the  biogeographic  distribution  of  any  taxon 
during  the  late  Maestrichtian  has  been  observed  (i.e.  neither  immigrations 
nor  emigrations  of  taxa).  A  few  taxa  show  abundance  changes  through  the  late 
Maestrichtian  at  all  sites: 

Ahmuellerella  octoradiata  was  more  abundant  in  high  than  in  low 
latitudes  during  the  Maestrichtian  (Figure  60)  which  agrees  with  its 
classification  as  a  high  latitude  taxon  (e.g.  Thierstein,  1981).  At  all  sites  its 
abundance  decreased  during  the  Maestrichtian  and  this  speices  virtually 
disappeared  from  the  records  between  ~68.5  and  68  Ma  at  mid-latitudes  in  the 
Indian  Ocean  (Hole  217  and  76 IB,  respectively). 

Biscutum  constans  reached  peak  abundances  of  ~6-8%  at  all  sites,  it 
decreased  in  abundance  in  all  sections  during  the  Maestrichtian  (Figure  61). 
This  decrease  occurred  at  different  times  at  different  sites  (-70-68  Ma  in  Hole 
690C;  -67-66.7  Ma  in  Hole  761B;  -68-67  Ma  in  Hole  217;  -67.1  -  66.9  Ma  in  Hole 
528). 


high  southern  latitudes  I  mid  southern  latitudes 


Figure  60:  Comparison  of  abundance  variations  of  Ahmuellerella  octoradl 
during  the  Maeslrichtian  between  latitudes  and  Ocean  Basins.  See  note  in 
caption  of  Figure  57. 


high  southern  latitudes  I  mid-southern  latitudes 
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Figure  61:  Comparison  of  abundance  variations  of  Biscutum  constans  during 
the  Maestrichtian  between  latitudes  and  Ocean  Basins.  See  note  in  caption  of 
Figure  57. 
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(3)  Maestrichtian  Nannoplankton  Biogeography:  Arguments 
against  worldwide  stable  ecological  conditions  in  the  surface  ocean  during  the 

latest  Cretaceous. 

(A)  The  Austral  Taxa 

(a)  Which  are  the  "austral"  taxa? 

Resiwati  (1991)  suggested  the  term  "austral"  to  refer  to  late  Campanian 
and  early  Maestrichtian  taxa  that  were  restricted  to  high  southern  latitudes. 
This  definition  is  considered  to  be  too  restrictive:  several  taxa  (e.g.  £L.  corvstusl 
that  are  characteristic  of  high  southern  latitudes  extended  into  the  late 
Maestrichtian.  Others  (e.g.  £..  coronum.  B..  dissimilis.  B..  magnum.  M . 
quaternariusl  occurred  also  in  the  northern  hemisphere.  I  propose  to  extend 
the  definition  of  the  term  "austral"  to  include  taxa  that  were  restricted  to  or 
particularly  abundant  in  high  southern  latitudes  froifi  late  Campanian  to  early 
late  Maestrichtian.  As  a  preliminary  approach  in  this  study  the  term  austral 

taxa  includes  the  following:  Biscutum  boletum.  B.  coronum.  B.  dissimilis.  B . 
magnum.  Miscgoroarginatus  p.l.g.aipflrys.  Monomarginaius  pectinatus.  AL. 
auatgrnarius.  Neocrepidolithus  watkinsii.  Nephrolithus  corvstus.  Phanulithus 
obscurus.  and  Psvktosphaera  firthii.  Several  new  species  of  holococcoliths 
(QkkPlilhus  australis.  Orastrum  asarotum.  Phanulithus  additus.  Pharus 
simulacrum)  were  described  by  Wind  and  Wise  (in  Wise  and  Wind,  1977)  from 
the  same  material  in  which  many  of  the  above  listed  austral  taxa  were  first 
described.  Due  to  their  holococcolithic  structure  these  forms  are  fairly 
susceptible  to  dissolution  (Wind  and  Wise,  1978)  which  may  explain  why  they 
are  only  very  rarely  reported  from  other  austral  sites.  It  is  possible  that  (some 
of)  these  species  share  the  stratigraphic  and  geographic  distribution  of  the 
austral  taxa  and  should  be  included  in  the  austral  assemblage.  On  the  other 
hand,  their  absence  may  be  due  to  ecologic  exclusion  since  it  has  been 
suggested  (Perch-Nielsen,  1985)  that  holococcoliths  may  be  indicative  of 
shallow  water  depths.  A  study  of  recent  holococcolith  species  indicated  that 
holococcolith  species  are  most  abundant  under  oligotrophic  conditions 
(Kleijne,  1991).  Despite  its  high  abundance  in  the  early  Maestrichtian  at  high 
latitudes  fi..  notaculum  is  not  included  in  the  austral  assemblage  because  this 
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species  also  occurred  in  the  late  Maestrichtian  at  mid-latitudes  (e.g.  Holes  761 B, 
528,  and  217,  as  well  as  Millers  Ferry  Section;  Table  6). 

In  order  to  speculate  about  the  causes  of  the  extinctions  of  the  austral 
taxa  it  is  necessary  to  explore  their  paleoecological  preferences.  Their 
paleogeographic  distribution  is  used  below  to  infer  these  preferences. 

(b)  Paleogeographic  distribution  of  austral  taxa 

Austral  calcareous  nannoplankton  species  have  been  reported 
extensively  from  the  southern  Atlantic  and  southern  Indian  Ocean  (Table  7; 
Figure  62),  but  no  reports  of  austral  taxa  from  the  southern  Pacific  Ocean  could 
be  located.  No  early  Maestrichtian  sediments  have  been  recovered  in  the  South 
Pacific,  except  maybe  in  DSDP  Hole  208,  where  the  exact  age  of  the  sediment  is 
unclear.  None  of  the  OOP  Legs  in  the  extratropical  South  Pacific  (Legs  133  and 
135)  recovered  Cretaceous  sediments.  Five  DSDP  Legs  (Legs  21,  28,  29,  35,  and 
90)  took  place  in  extratropical  latitudes  in  the  South  Pacific  Ocean.  Only  in  one 
DSDP  Hole  (Hole  208,  Lord  Howe  Rise,  southwestern  Pacific  Ocean,  Leg  21)  were 
sediments  recovered  that  are  older  than  the  N.-  freguens  Zone  (?!-..  quadratus 
Zone  sensu  Bukry,  [1973a]  which  extends  from  the  early  to  the  early  late 
Maestrichtian;  Bukry,  1973b)  and  older  than  the  A.-  mavaroensis  Zone  (Webb, 
1973).  Huber  (1992b)  studied  the  planktonic  foraminifera  in  Hole  208  and 
concluded  that  the  age  of  the  Maestrichtian  sediments  was  late  early  and  early 
late  Maestrichtian.  Only  the  more  abundant  nannofossil  taxa  were  listed 
(Edwards,  1973;  Bukry,  1973b)  and  Bukry  (1973)  commented  on  the  high 
latitude  aspect  of  the  assemblage  which  contained  common  A-  cvmbiformi.s.  L.. 
caveuxii.  and  K..  magnificus.  while  barnesac  was  absent  (Bukry,  1973b).  It  is 

possible  that  austral  nannofossil  taxa  are  present  in  very  low  abundances  in 
Hole  208. 

In  the  North  Sea  region  where  Campanian  and  Maestrichtian  calcareous 
nannoplankton  assemblages  have  been  thoroughly  investigated,  only  few 
austral  taxa  occur.  Biscutum  dissimills.  B..  magnum .  and  M.-  guaternarius  have 
been  reponed  from  England  and  nonhem  Germany  (e.g.  Burnett,  1990).  Their 
first  and  last  occurrences  were  used  for  a  stratigraphic  subdivision  of  the 
Campanian  (Burnett,  1990).  Burnett  (1990)  did  not  indicate  the  abundance  of 
these  three  taxa,  nor  did  she  supply  a  species  list  to  indicate  whether  any  other 
austral  taxa  were  observed.  It  appears  that  most  of  the  austral  taxa,  if  present, 
were  much  rarer  in  the  northern  hemisphere  than  in  the  southern.  1 
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Table  7:  List  of  sites  where  austral  nannofossil  taxa  were  reported.  The  sites  are 
arranged  in  geographic  order,  from  the  western  South  Atlantic  Ocean  to  the 
eastern  Indian  Ocean. 


Site 


Location 


Source 


DSDP  Hole  327A 

DSDP  Hole  511 

OOP  Hole  700B 

OOP  Holes  689B,  690C 

DSDP  Hole  249 

ODP  Hole  738C 

ODP  Holes  747A,  748C,  750A 

ODP  Holes  752B,  754A 

ODP  Holes  762C 

DSDP  Hole  217 

ODP  Hole  758A 


Falkland  Plateau 
Falkland  Plateau 
East  Georgia  Basin 
Maud  Rise 

Mozambique  Plateau 
Kerguelen  Plateau 
Kerguelen  Plateau 
Broken  Ridge 
Exmouth  Plateau 
Ninetyeast  Ridge  (8°N) 
Ninetyeasf  Ridge  (5°N) 


Wise  and  Wind,  1977 
Wise,  1983 
Crux,  1991 

Pospichal  and  Wise,  1990 
Wind,  1979 

Wei  and  Thierstcin,  1991 

Watkins,  1992 

Rcsiwati,  1991 

Bralower  and  Siesser,  1992 

Wind,  1979 

Rcsiwati,  1991 


180°  ns'w  90'’W  45°W  0*  45‘’E  90°E  135°E  180 
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Figure  62:  DSDP  an^ 
Paleoconiinental  rcc 
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encountered  a  single  specimen  of  fi..  magnum  in  the  upper  Maesirichtian  (M_. 
prinsii  Zone)  of  the  Millers  Ferry  section  (paleolatitude  ~30°  N).  Biscutum 
dissimilis  disappeared  earlier  in  the  northern  hemisphere  (late  Campanian, 
Burnett,  1990)  than  in  high  southern  latitudes  (early  Maestrichtian,  this 
study).  Crux  (1991)  indicates  that  the  last  occurrence  of  B.  magnum  was 
apparently  synchronous  in  high  latitudes  in  both  hemispheres  (in  Chron 
C31R).  Biscutum  coronum  was  reported  from  upper  Campanian  sediments  in 
Japan  (Okada  et  al.,  1987)  where  this  species  was  commonly  present  (1-10%  of 
the  assemblage;  Okada  et  al.,  1987). 

It  appears  that  most  austral  calcareous  nannoplankton  taxa  were 
restricted  to  the  southern  Atlantic  and  southern  Indian  Ocean  during  the  late 
Campanian  and  early  Maestrichtian.  Some  exceptions  to  this  rule  have  been 
reported  above  and  future  investigations  will  possibly  record  other  austral 
taxa  from  regions  where  they  are  still  unknown  (such  as  the  southern  Pacific 
Ocean). 


(c)  Why  did  austral  calcareous  nannoplankton  species  become  extinct? 

The  paleogeographic  restriction  of  the  austral  taxa  and  the  cause  of 
their  disappearance  are  not  fully  understood.  Apparently  (i)  the  extinctions 
did  not  occur  simultaneously  among  the  austral  taxa  (alti:ough  ,hey  were 
concentrated  close  to  the  end  of  the  B..  magnum  Biochron;  Figure  65)  and  (ii)  at 
the  same  time  numerous  additional  taxa  disappeared  from  Hole  690C  or  became 
extremely  rare. 

In  order  to  explain  the  pronounced  changes  that  were  observed  in  the 
Maestrichtian  nannofossil  assemblages  in  Hole  690C  it  is  necessary  to  examine 
whether  and  in  which  way  other  organisms  experienced  changes  around  the 
early/late  Maestrichtian  boundary,  and  to  integrate  results  from  stable  isotope 
investigations  (planktonic  foraminifera:  Huber,  1990;  benthic  foraminifera: 
Thomas,  1990;  stable  isotopes:  Barrera  and  Huber,  1990;  Stott  and  Kennett,  1990). 

Additional  evidence 

Planktonic  Foraminifera:  Planktonic  foraminifera  arc  excellently  to 
well  preserved  in  Maestrichtian  sediments  in  Hole  690C.  The  slight  changes  in 
the  proportion  of  benthic  foraminifera  throughout  the  Maestrichtian 
correlates  with  excellent  preservation  during  most  of  the  early  Maestrichtian 
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and  good  preservation  during  the  earliest  and  the  late  Maestrichtian  (Barrera 
and  Huber,  1990;  Huber,  1990).  The  austral  nature  of  the  assemblage  is 
documented  by  the  presence  of  five  species  that  were  restricted  to  high 
latitudes  (Archaeoglobigerina  australis.  A.,  mateola.  Globigerinelloides 
impensus.  Hedbergella  sliteri.  Rugotruncana  circumnodifer:  Huber,  1990),  by 
low  diversity  (compared  to  tropical  and  subtropical  assemblages),  and  by  the 
absence  or  rareness  of  typical  tropical  taxa.  The  diversity  of  the  planktonic 
assemblage  was  low  during  the  early  early  Maestrichtian  (around  10  species); 
it  increased  in  the  late  early  Maestrichtian  to  ~12-14  species  and  remained  at 
that  level  during  the  late  Maestrichtian  (Huber,  1990).  The  diversity  increased 
due  to  the  first  occurrences  of  five  taxa  (Globotruncana  suhcircumnodifer.  Q.. 
bulloides.  Globotruncanella  petaloidca.  Globigerinelloides  subcarinatus. 
Globotruncanella  citae.  Pseudotextularia  elegans:  Huber,  1990,  1992b)  which 
were  known  from  lower  latitudes  where  their  first  occurrences  are  (in  some 
cases  considerably)  older  than  on  Maud  Rise.  The  poleward  migrations  of 
species  typical  of  lower  latitudes  could  be  interpreted  as  warming  pulses  of 
surface  waters  at  high  latitudes.  However,  evidence  from  stable  isotopes  does 
not  support  such  an  interpretation  (Huber,  1990).  Paleoceanographic  factors 
other  than  temperature,  such  as  changes  in  nutrient  supply,  salinity,  vertical 
stratification  and/or  surface  water  turbidity  must  be  invoked  to  explain  the 
planktonic  foraminiferal  patterns  (Huber,  1990).  Huber  (1992a)  and  Huber  and 
Watkins  (1992)  suggested  that  the  poleward  expansions  of  low  latitude  species 
may  have  been  due  to  increased  stratification  of  surface  waters.  Stable  isotope 
records,  however,  do  not  seem  to  support  this  contention  (see  below). 

Benthic  Foraminifera:  Benthic  foraminiferal  assemblages  changed 
moderately  between  the  early  and  the  late  Maestrichtian  and  the  changes  arc 
sufficient  to  allow  recognition  of  two  assemblages  (Thomas,  1990):  assemblage 
8  ranged  throughout  the  early  Maestrichtian  and  was  replaced  by  assemblage 
7  in  the  early  late  Maestrichtian  (at  ~69.4  Ma;  boundary  between  subchrons 
31R  and  31N;  Thomas,  1990).  The  differences  between  these  assemblages  were 
small  compared  to  faunal  changes  at  other  times  (Thomas,  1990)  and  the 
changes  occurred  gradually  rather  than  abruptly.  The  differences  between 
assemblages  8  and  7  include  a  slight  increase  in  diversity,  a  decrease  of  the 
percentage  of  epifaunal  species  (from  52  to  43%)  and  an  increase  of  infaunal 
and  cylindrical  species  (from  43  to  51%;  Thomas,  1990).  In  addition,  the 
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proportion  of  benthic  to  planktonic  foraminifera  increases  at  the  boundary 
between  assemblages  8  and  7;  this  increase  may  reflect  decreasing 
preservation  of  planktonic  foraminifera  in  the  late  Maestrichtian  (see  above, 
and  compare  e.g.  Huber,  1990;  Barrera  and  Huber,  1990).  Variations  in  relative 
abundances  of  infaunal  and  epifaunal  species  in  recent  assemblages  reflect 
variations  in  the  availability  of  organic  carbon  to  the  bottom-dwelling  fauna 
(Corliss  and  Chen,  1988).  Thus  the  increase  of  infaunal  species  may  be  used  to 
argue  for  increased  productivity  in  surface  waters  (Thomas,  1990)  or  low 
oxygen  content  in  the  bottom  water  (see  Thomas  [1990]  for  a  more  detailed 
discussion).  Thomas  (1990)  noted  that  neither  of  these  arguments  was 
supported  by  sedimentologic  (Robert  and  Maillot,  1990)  or  stable  isotope 
evidence  (Barrera  and  Huber,  1990). 

Stable  isotopes:  Barrera  and  Huber  (1990)  measured  stable  isotopes  from 
planktonic  and  benthic  foraminifera  as  well  as  from  bulk  sediment  to 
investigate  paleoenvironmental  changes  at  high  southern  latitudes  during  the 
Maestrichtian. 

The  general  trend  of  oxygen  isotope  values  of  planktonic  and  benthic 
foraminifera  is  an  increase  throughout  the  Maestrichtian  (except  for  a  short 
negative  excursion  at  the  very  top  of  the  Maestrichtian;  Figure  63a).  This 
indicates  a  longterm  temperature  decrease.  The  increase  of  6**0  values  is  not 
gradual  but  rather  proceeds  in  a  stepwise  manner  with  steps  at  -73.5  Ma  and  at 
about  71.0  Ma.  The  record  of  the  benthic  species  Gavelinella  beccariiformis 
shows  both  steps  whereas  only  the  earlier  increase  is  evident  in  the  6**0 
record  of  Globigerinelloides  multisoinatus.  The  second  increase  (at  71.0  Ma)  is 
less  apparent  in  CL.  multispinatus  (only  about  0.2%c).  In  constrast,  the  increase 
at  -73  Ma  is  not  observed  in  the  record  of  the  planktonic  species 
Archaeoglobigerina  australis:  its  5**0  values  remained  roughly  constant 
(average  -0.3%o)  up  to  about  71  Ma,  where  an  abrupt  increase  of  about  0.5%o 
occurred  and  subsequently  a  gradual  increase  to  values  similar  to  those  of  the 
benthic  species. 

The  5*^C  records  of  benthic  and  planktonic  species  vary  roughly  in 
parallel,  with  a  constant  offset  of  about  l%o  (Figure  63b).  A  gradual  8*^C 
decrease  occurred  during  the  early  Maestrichtian  (from  about  74.5  to  71.5  Ma); 
it  culminated  in  a  spike  of  very  light  5'^C  values  at  -71  Ma.  Carbon  isotope 
ratios  quickly  rebounded  from  this  negative  excursion  and  around  70.2  Ma  the 
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Barrera  and  Huber,  1990 

Stott  and  Kennett,  1990  Kennett,  1990 

Barrera  and  Huber,  1990 

Figure  63;  Stable  isotope  records  from  Maestrichtian  sediments  in  southern 
high  latitudes  (ODP  Hole  690C).  Data  from  Barrera  and  Huber  (1990)  and  Stott 
and  Kennett  (1990). 
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values  were  higher  than  during  the  early  Macstrichtian.  For  the  late 
Maestrichtian  the  benthic  5'^C  record  shows  roughly  constant  values,  while 
the  planktonic  record  shows  an  increase  that  continued  up  to  ~67.5  Ma  (as 
recorded  by  Barrera  and  Huber,  1990). 

Barrera  and  Huber  (1990)  discussed  in  detail  the  reliability 'of  the  stable 
isotope  data  from  different  foraminiferal  species.  They  concluded  that  the 
isotopic  values  of  A.-  australis  and  of  Q..  beccariiformis  reflect  changes, 
respectively,  in  surface  and  bottom  waters.  They  argued  that  Q_.  multispinatus 
lived  very  close  to  the  surface  (based  on  observations  from  Seymour  Island, 
Antarctica,  where  Q..  multispinatus  was  recorded  abundantly  in  shallow  water 
sediments;  Huber,  1988)  and  that  its  5'^C  record  reflects  surface  water 
conditions,  but  that  its  5’*0  record  was  modified  by  vital  effects. 

I  would  suggest,  however,  that  the  carbon  and  oxygen  isotope  data  from 
Hole  690C  indicate  that  G..  multispinatus  lived  in  deeper  waters  than  A- 
australis,  except  for  an  inversion  of  their  respective  8’*0  and  S'^C  values 
between  about  70  and  68.5  Ma.  The  oxygen  isotope  data  indicate  a  cooling  event 
at  about  73.5  Ma  that  affected  bottom  waters  and  (possibly)  the  deeper 
thermocline.  This  cooling  event  did  not  affect  surface  waters  (as  recorded  by 
A.  australis).  It  should  also  be  noted  that  a  second  cooling  pulse  occurred  at 
about  71  Ma,  which  affected  bottom  and  surface  waters;  the  temperature 
decrease  in  surface  waters  was  much  more  severe  than  that  of  bottom  waters. 
This  pronounced  cooling  of  surface  waters  at  71  Ma  coincides  with  the 
conspicuous  diversity  decrease  among  calcareous  nannofossils  observed  at  ODP 
Site  690. 

The  longterm  shifts  in  both  the  benthic  and  the  planktonic  5'^C  data 
indicate  changing  carbon  reservoirs,  possibly  reflecting  changing 
paleocirculation  patterns  (e.g.  better  mixing  of  water  masses  of  the  southern 
high  latitudes  with  the  rest  of  the  world's  oceans). 

A  pronounced  but  brief  negative  excursion  in  the  5*^C  record  was 
documented  in  Hole  690C  (Barrera  and  Huber,  1990):  it  began  at  the  C32N/C31R 
boundary  in  the  late  early  Maestrichtian  (top  of  the  Q..  havanensis  Zone,  top  of 
the  fi..  magnum  Zone,  -71.2  Ma  according  to  the  age  model  herein;  Figure  57). 

Its  duration  is  difficult  to  assess  due  to  incomplete  core  recovery,  but  it  was 
probably  no  longer  than  -0.8  m.y.  (and  could  have  been  shorter,  depending  on 
the  age  estimated  for  the  core  catcher  of  Core  1 13-690C-18).  The  spike  to 
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lighter  values  at  ~71  Ma  occurred  at  the  same  time  as  the  cooling  event  of 

the  entire  water  column  (as  expressed  by  the  record)  but  a  causal  relation 

of  these  two  trends  is  not  apparent. 

It  is  unlikely  that  this  decline  reflects  decreased  productivity  (Berger 
and  Vincent,  1986)  because  surface  to  deep  water  carbon  isotope  gradients 
remained  unchanged  (Barrera  and  Huber.  1990).  Instead  the  negative 
spike  could  have  resulted  from  decreased  storage  of  organic  carbon  in  shallow 
shelf  areas  due  to  a  sea  level  fall  at  the  early/late  Maestrichtian  boundary 
(Haq  et  al..  1987).  Barrera  and  Huber  (1990)  interpreted  the  ensuing  increase 
in  the  record  as  a  consequence  of  the  subsequent  sea-level  rise  (via 

increased  organic  carbon  burial  on  continental  shelves). 

If  the  negative  carbon  isotope  spike  is  due  to  a  global  sea  level  fall,  it 
should  be  a  global  feature.  Only  two  sufficiently  detailed  Maestrichtian  carbon 
isotope  records  are  available  for  comparison  (Figure  64).  Mount  et  al.  (1986) 
reported  a  negative  carbon  isotope  excursion  (Figure  64a)  in  the  lowermost 
upper  Maestrichtian  (base  of  the  A-  mavaroensis  Zone  according  to  Hcrm,  1963; 
no  paleomagnetic  data  available)  from  the  Sopelana  section  in  northern  Spain. 
Also  at  Gubbio  (Italy)  the  lowest  values  in  the  Maestrichtian  (Corfield  et 

al.,  1991;  Figure  64b)  occur  in  the  mid-Maestrichtian  (~71.5  Ma)  shortly  before 
the  beginning  of  Magnetozone  C31  (paleomagnetic  data  of  Alvarez  et  al.,  1977). 

This  suggests  that  the  negative  carbon  isotope  excursion  may  indeed  be 
a  global  feature  reflecting  the  sea  level  fall  at  the  early/late  Maestrichtian 
boundary.  The  carbon  isotope  data  do  not  indicate  a  productivity  increase  (as 
suggested  by  benthic  foraminiferal  changes),  since  the  offset  between 
planktonic  and  benthic  species  remained  constant  throughout  the  record. 

Summary:  Numerous  nannoplankton  taxa  disappear  from  high  southern 
latitudes  around  the  carly/late  Maestrichtian  boundary  (~71  Ma).  Planktonic 
and  benthic  foraminifera  suggest  paleoceanographic  changes  during  the 
Maestrichtian,  but  in  these  latter  groups  the  changes  are  less  pronounced 
than  in  the  calcareous  nannoplankton.  No  evidence  is  available  to  speculate 
about  the  influence  of  salinity  changes  on  changes  in  calcareous 
nannoplankton.  In  the  following  the  evidence  for  changes  of  temperature, 
nutrients,  turbidity,  and  stratification  of  surface  waters  as  causes  for  the 
observed  biospheric  changes  will  be  briefly  discussed. 
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Temperature:  Huber  (1990)  pointed  out  that  a  discrepancy  existed  if  the 
immigration  of  tropical  planktonic  taxa  into  high  latitudes  during  the  late 
Maestrichtian  were  interpreted  as  a  warming  signal,  since  the  stable  isotope 
record  indicates  cooling.  Instead  he  suggested  a  solution  to  this  dilemma  by 
proposing  that  an  oceanic  front  separated  the  austral  realm  from  mid-latitudes 
during  the  late  Campanian  and  early  Maestrichtian  (Huber,  1992a).  He 
speculated  that  this  oceanic  front  vanished  at  the  early/late  Maestrichtian 

boundary  and  that  austral  surface  waters  became  more  stratified.  However,  a 
decrease  in  the  interspecific  gradient  among  planktonic  foraminifera  at 

the  carly/late  Maestrichtian  boundary  (Barrera  and  Huber,  1990)  seems  to 
contradict  this  speculation  (see  below). 

Several  nannoplankton  species  disappeared  from  (or  became  very  rare 
in)  high  latitudes  around  the  early/late  Maestrichtian  boundary  but  persisted 
until  the  end  of  the  Maestrichtian  in  mid-  and  low  latitudes  (as  discussed 
above).  This  is  interpreted  here  as  a  response  to  cooling  in  high  latitudes  as 
indicated  by  the  oxygen  isotope  record.  In  contrast,  the  group  of  austral  taxa 
became  extinct  at  about  the  same  time.  I  would  suggest  that  the  extinctions  of 
the  austral  taxa  were  not  a  consequence  of  decreasing  water  temperature, 

because  if  they  were  temperature  sensitive  they  would  have  migrated  into 

lower  latitudes.  Instead  I  propose  that  the  extinctions  of  the  austral  taxa  were  a 
consequence  of  changes  in  nutrient  availability,  stratification  of  the  photic 
zone,  turbidity  or  salinity  changes  brought  about  by  circulation  changes 
caused  by  a  sea  level  fall. 

A  higher  percentage  of  terrigenous  components  in  early  Maestrichtian 
sediments  (compare  Figure  6  in  the  chapter  on  Chronology)  may  indicate 
higher  turbidity  during  this  time  and  some  changes  among  the  calcareous 
plankton  may  be  due  to  this  fact.  Comparison  with  other  high  latitude  sites  is 
needed  to  indicate  whether  mid-Maestrichtian  changes  correlate  everywhere 
with  sedimentologic  changes. 

A  change  in  the  stratification  of  surface  waters  from  early  to  late 
Maestrichtian  at  high  southern  latitudes  is  inferred  from  the  stable  oxygen 
isotope  record.  If  the  6**0  record  of  Q,.  multispinatus  is  considered  to  reflect 
conditions  in  deeper  surface  waters  and  that  of  A.-  australis  to  reflect  those  in 
shallow  surface  waters,  it  seems  that  the  temperature  differences  within  the 
mixed  layer  were  larger  during  the  late  early  Maestrichtian  than  during  the 
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early  late  Maestrichtian  (Figure  63a).  A  higher  temperature  gradient  in 
surface  waters  during  the  early  Maestrichtian  may  indicate  that  the 
thermocline  was  shallower  than  during  late  Maestrichtian.  This  may  imply 
that  the  stratification  of  surface  waters  decreased  from  the  early  to  the  late 
Maestrichtian.  A  decrease  in  the  stratification  of  surface  waters  would  have 
facilitated  the  advection  of  nutrients  into  the  photic  zone,  and  I  would  suggest 
that  it  was  increased  surface  water  fertility  that  caused  the  extinction  of  the 
austral  taxa.  This  argument  is  consistent  with  investigations  of  recent 
calcareous  nannoplankton:  it  has  been  documented  that  coccolithophorids 
dominate  the  phytoplankton  under  oligotrophic  conditions  (Smayda,  1980)  and 
that  nannoplankton  diversity  is  higher  in  the  oligotrophic  open  ocean  than 
in  eutrophic  marginal  seas  (Okada  and  Honjo,  1975). 

A  decrease  of  surface  water  stratification  is  in  contrast  to  the  argument 
of  Huber  and  Watkins  (1992)  who  interpreted  the  migration  of  tropical 
planktonic  foraminiferal  species  to  high  southern  latitudes  during  the  late 
Maestrichtian  as  a  reflection  of  increased  surface  water  stratification  during 
the  late  Maestrichtian. 

The  following  observations  are  summarized: 

(i)  Eleven  taxa  are  considered  as  "austral  taxa”.  All  of  them  were  restricted  to. 
or  particularly  abundant  in,  high  southern  latitudes,  and  all  of  them  became 
extinct  between  ~72.4  and  -70.4  Ma  (most  of  the  extinctions  were  concentrated 
between  71.1  and  70.4  Ma). 

(ii)  The  austral  taxa  constituted  about  one  third  of  all  taxa  present  in  southern 
high  latitudes,  and  -20%  of  the  assemblage. 

(iii)  I  suggest  that  the  extinctions  of  most  of  the  austral  taxa  were  a 

consequence  of  increased  nutrient  availability  and  decreased  surface  water 
stratification.  The  extinctions  coincide  with  a  excursion  that  probably 

reflects  a  sea  level  fall. 

(B)  Nannoplankton  Response  to  Environmental  Perturbations 
During  the  Last  500  ky  of  the  Cretaceous 
a)  High  latitude  evidence 

The  following  discussion  relies  mostly  on  nannofossil  and  stable  isotope 
data  from  ODP  Hole  690C  because  no  other  record  of  comparable  resolution  or 
duration  is  available. 
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At  high  southern  latitudes  the  following  nannoplankton  trends 
occurred  during  the  last  500  ky  of  the  Cretaceous  (Figure  65):  Between  ~66.70 
and  66.57  Ma  Placozvgus  fibuliformis  (Figure  65a)  was  more  abundant  in  the 
nannoplankton  association  than  either  before  or  afterward.  This  species 
reached  peak  abundances  of  ~5-6%.  An  almost  exactly  opposite  abundance 
pattern  was  recorded  for  the  species  Lucianorhabdus  caveuxii  and  Micula 
staurophora  (Figure  65b,  c).  Both  taxa  were  present  prior  to  ~66.76  Ma, 
disappeared  almost  completely  between  ~66.76  and  66.62  Ma,  and  were  present 
again  between  66.62  Ma  and  66.4  Ma. 

A  fairly  detailed  stable  isotope  record  from  the  uppermost  Maestrichtian 
in  Hole  690C  was  presented  by  Stott  and  Kennett  (1990).  Direct  comparison  of 
this  record  with  the  nannoplankton  abundance  patterns  is  difficult  because 
the  resolution  of  the  stable  isotope  study  is  much  coarser  than  that  of  the 
nannoplankton  abundance  records  in  this  study.  In  addition,  the  stable  isotope 
changes  measured  on  different  foraminiferal  species  or  on  the  fine  fraction 
are  not  exactly  synchronous.  The  highest  resolution  was  achieved  in  the  stable 
isotope  record  of  the  planktonic  foraminifera  Globigerinelloides  multispinatus 
and  this  record  was  used  for  comparison  with  the  nannoplankton  abundance 
changes  in  the  following  discussion  (Figure  65d,  e). 

A  fairly  abrupt  decrease  in  8**0  values  (•~0.5%o)  occurred  at  -66.65  Ma, 
values  remained  low  until  -66.50  Ma,  and  then  increased  again  abruptly  (by 
-0.5%o;  compare  Figure  65d).  This  brief  negative  excursion  was  observed  in 
planktonic  as  well  as  in  benthic  foraminferal  species  and  was  interpreted  by 
Stott  and  Kennett  (1990)  as  a  warming  pulse  of  -2°C.  Alternatively,  this  5**0 
excursion  could  indicate  a  brief  episode  of  decreased  salinity.  A  5**0  decrease 
of  0.5%ei  corresponds  to  a  salinity  decrease  of  -1.7%o  according  to  Craig  (1966), 
and  -0.8%o  according  to  Craig  and  Gordon  (1965).  Palynomorph  evidence  from 
Seymour  Island  (off  the  Antarctic  Peninsula)  suggests  a  brief  warming 
interval  in  the  latest  Maestrichtian  (Askin,  1989).  The  oxygen  isotope 
excursion  is  interpreted  here  as  a  brief  warming  pulse  rather  than  a  salinity 
decrease.  A  warming  pulse  during  the  latest  Maestrichtian  (at  the  base  of 
Magnetochron  29)  was  also  reported  from  the  North  American  interior  based 
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relative  abundance  of  the  nannoplankton  taxa  wer  calculated  under  exclusion 
of  Prediscosphaera  stoveri.  A  running  five  point  average  was  calculated  and 
the  shaded  band  represents  the  approximate  95%  confidence  interval  (after 
Mosiman,  1965).  Stable  isotope  data  from  Stott  and  Kennctt,  1990). 
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on  plant  fossils  (Johnson,  1992).  This  may  indicate  that  the  warming  pulse  in 
the  latest  Maestrichlian  was  not  restricted  to  high  -southern  latitudes. 

The  record  of  G.  multispinatus  shows  increasing  values  between 

~66.6  and  66.4  Ma  but  the  record  of  A .  mavaroensis  decreased  during  the 

same  interval;  this  latter  record  is  discarded  in  this  discussion  because  of  very 
few  data  points.  Stott  and  Kennett  (1990)  reported  that  the  increase  prior 

to  the  K/P  boundary  in  Hole  690C  was  part  of  a  global  pattern  reflecting  a 
redistribution  of  carbon  between  different  reservoirs.  Zachos  et  al.  (1989) 
suggested  that  the  positive  excursion  prior  to  the  K/P  boundary  in  the 

equatorial  Pacific  (Site  577)  may  have  been  caused  by  changes  in  circulation. 

The  increased  abundances  of  P..  fibuliformis  and  its  abrupt  decline 
between  -66.60  and  66.55  Ma  does  not  correlate  with  any  of  the  observed  stable 
isotope  changes  (Figure  65a).  A  similar  lack  of  correlation  of  calcareous 
nannoplankton  abundance  patterns  and  stable  isotope  variations  was  also 
reported  in  the  late  Miocene  of  the  North  Atlantic  (Beaufort  and  Aubry,  1990) 
and  in  the  Miocene  of  the  southern  Indian  Ocean  (Beaufort  and  Aubry,  1992). 
Placozvgus  fibuliformis  was  observed  more  abundantly  in  mid-  and  low 
latitudes  (this  study),  but  it  is  unresolved  whether  this  biogeographic  pattern 
reflects  temperature  preferences. 

Lucianorhabdus  cayeuxii  (Figure  65b)  was  present  between  -66.85  and 

66.75  Ma,  it  was  absent  between  -66.74  and  66.62  Ma.  This  species  started  to 
increase  in  abundance  at  -66.62  Ma.  reached  maximum  values  (-20%)  at  -66.55 
Ma,  remained  at  these  high  values  66.43  Ma,  and  decreased  in  abundance  to 
comparatively  low  values  (<5%)  between  66.43  and  66.40  Ma.  Insufficient  stable 
isotope  data  points  are  available  to  elucidate  the  interval  between  66.85  and 

66.76  Ma  (Figure  65d,  e).  The  beginning  of  the  abundance  increase  of  L- 
caveuxii  started  as  soon  as  the  warming  pulse  was  fully  established  (based  on 
the  6^*0  record  of  Q..  multispinatus!.  No  decline  in  the  abundance  of  L-  caveuxii 
is  observed  between  -66.5  and  66.45  Ma  when  the  8^*0  record  of  Q.. 
multispinatus  indicated  that  surface  water  temperatures  cooled  again.  An 
abundance  decrease  of  L.-  caveuxii  was  recorded  only  when  temperatures  had 
dropped  to  the  same  values  as  before  the  warming  pulse  (between  -66.45  and 
66.40  Ma;  5^*0  record  of  G.  multispinatus!.  These  patterns  may  indicate  that  L- 
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caveuxii  thrived  during  the  maximum  of  the  warming  pulse  and  also  during  its 
decline,  but  that  it  decreased  in  abundance  when  temperatures  fell  below  a 
certain  threshold  value.  The  implied  temperature  sensitivity  of  L.-  caveuxii  is 
not  reflected  by  any  abundance  changes  during  the  incipient  phase  of  the 
wanning  pulse  (between  ~66.76  and  66.62  Ma).  when  the  change  in  water 
temperature  was  almost  the  mirror  image  of  that  recorded  between  -66.5  and 
66.45  Ma.  A  similar,  non-linear  correlation  of  L.-  caveuxii  with  temperature  is 
also  apparent  from  previously  published  abundance  patterns  of  this  species: 
due  to  its  abundance  peak  in  high  latitudes  Lucianorhabdus  caveuxii  is 
considered  a  high  latitude  taxon  possibly  indicative  of  cooler  surface  waters 
(Thierstein,  1981)  but  Worsley  (1974)  pointed  out  that  in  high  latitudes  this 
species  was  present  during  the  entire  Maestrichtian,  while  in  low  latitudes  it 
occurred  only  during  the  early  Maestrichtian.  My  data  indicate  that  this  taxon 
did  not  disappear  completely  from  mid-  and  low  latitudes,  since  it  was  recorded 
very  rarely  in  all  mid-  and  low  latitude  sections  (Table  6).  Worsley  (1974)  did 
not  report  exactly  at  what  time  L.-  caveuxii  disappeared  from  (or  became  very 
rare  in)  low  latitudes,  but  my  data  suggest  that  its  disappearance/abundance 
decrease  must  have  occurred  prior  to  -71  Ma.  The  reason  for  the  disappearance 
of  L-  caveuxii  from  low  latitudes  is  unclear,  because  low  latitude  surface  waters 
cooled  during  the  Maestrichtian  (e.g.  Douglas  and  Savin,  1975)  and  should  have 
become  more  hospitable  for  a  high  latitude  dweller.  I  conclude  that  L.-  caveuxii 
cannot  be  considered  a  temperature  indicator  exclusively. 

The  abundance  pattern  of  L-  caveuxii  could  be  explained  as  a 
consequence  of  circulation  changes  (and  nutrient  availability?)  as  expressed 
by  the  changes  in  the  record  because  the  beginning  abundance  increase 

of  L..  caveuxii  at  -66.61  Ma  coincides  with  the  increase  in  the  of  C.. 

multispinatus  (Figure  65b,  e).  However,  no  changes  in  the  record  are 

discernible  while  L.-  caveuxii  decreased  in  abundance  (between  -66.45  and 
66.40  Ma). 

Micula  staurophora  increased  sharply  in  abundance  at  -66.62  Ma 
(Figure  65c),  reached  peak  abundances  of  almost  2%  at  66.60  Ma  and  gradually 
decreased  in  abundance  to  <0.5%  between  66.60  and  66.40  Ma.  The  peak 
abundance  at  66.60  Ma  coincided  exactly  with  the  beginning  of  the  warming 
pulse  indicated  by  the  6^*0  record.  It  is  possible  that  the  increased  abundance 
values  of  M.-  staurophora  at  66.60  Ma  were  caused  by  increased  water 
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temperatures.  The  interpretation  of  M..  staurophora  as  a  temperature  sensitive 
taxon  is  in  agreement  with  its  latitudinal  distribution  during  the 
Maestrichtian  (Wind,  1979a;  Thierstein,  1981)  and  has  been  proposed 
previously  (Doeven,  1983).  However,  the  decrease  in  abundance  of  M . 
staurophora  between  66.60  and  66.50  Ma,  when  oxygen  isotope  data  still 
indicated  high  surface  water  temperatures  remains  unexplained.  It  is  possible 
that  changes  in  the  circulation  pattern  (suggested  by  the  record;  Figure 

65e)  led  to  the  establishment  of  deleterious  environmental  conditions  for  M . 

Staurophora- 

From  the  stable  isotope  results  and  the  nannofossil  patterns  in  the 
uppermost  Maestrichtian  in  Hole  690C  the  following  conclusions  can  be 
reached: 

(i)  Stable  isotope  data  of  higher  resolution  are  required  to  determine 
unambiguously  the  timing  of  the  oxygen  and  carbon  isotope  changes. 

(ii)  The  negative  S'^0  excursion  between  -66.60  and  66.40  Ma  is  interpreted  as  a 
warming  pulse  of  ~2°C  and  not  as  a  low-salinity  signal,  because  it  affected  the 
entire  water  column  and  independent  evidence  from  plant  fossils  also  suggests 
a  short  period  of  elevated  temperatures. 

(iii)  The  abundance  changes  of  most  calcareous  nannoplankton  taxa  do  not 
correlate  with  the  5^*0  variations  ("warming  pulse"). 

(iv)  The  abundance  increase  of  M.-  staurophora  may  be  a  consequence  of 

increased  surface  water  temperatures;  its  decrease  during  times  of  elevated 
surface  water  temperatures  is  not  satisfactorily  understood.  It  is  possible  that 
changes  in  ocean  circulation  as  indicated  by  the  record  led  to 

environmental  changes  that  were  deleterious  for  this  species. 

(v)  The  elevated  abundances  of  L-  caveuxii  between  -66.62  and  -66.45  can  be 
interpreted  as  a  consequence  of  increased  nutrient  availability.  It  is  possible 
that  the  abundance  decrease  of  L-  caveuxii  between  -66.45  and  66.40  Ma 
reflects  cooler  surface  waters. 

(vi)  The  abundance  changes  of  E.-  fibuliformis.  especially  the  abrupt  decrease 
between  66.60  and  66.55  Ma  does  not  correlate  with  variations  in  the  stable 
isotope  records  suggesting  that  this  species  did  not  respond  linearly  to 
changes  recorded  by  the  stable  isotopes  (c.g.  temperature  changes,  nutrient 
availability,  etc). 
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(b)  Mid-latitude  trends 

Changes  in  abundance  of  selected  nannoplankton  species  were 
observed  to  occur  in  mid-latitudes  but  the  species  which  displayed  the  most 
pronounced  changes  were  different  in  the  Atlantic  and  the  Indian  Ocean.  In 
the  mid-latitude  Atlantic  Ocean  (Hole  528)  the  abundance  changes  of  selected 
taxa  occurred  around  67.0  Ma  (Figure  66).  Biscutum  constans.  C.  kamotneri.  and 
JE..  parallelus  (Figure  66a,  b.  c)  decreased  significantly  in  abundance  at  that 
time,  whereas  T.  macleodae  (Figure  66d)  increased.  Zvgodiscus  sp.  1  (Figure 
66e)  also  fluctuated  significantly  in  abundance;  this  species  reached  an 
abundance  peak  between  ~66.70  and  66.60  Ma.  No  sufficiently  detailed  stable 
isotope  records  are  available  to  compare  with  the  nannoplankton  abundance 
changes.  Biscutum  constans  has  been  interpreted  as  a  fertility  indicator  (Roth 
and  Bowdler,  1981)  and  it  is  possible  that  its  decrease  in  abundance  between 
-67.1  and  67.0  Ma  reflects  a  reduction  in  nutrient  availability  at  that  time.  If 
this  is  the  case,  then  the  abundance  changes  of  kamptneri .  E..  parallelus  and 
X.  macleodae  may  also  result  from  decreased  nutrient  availability.  However, 
these  conclusions  are  tentative  until  more  detailed  stable  isotope  records  are 
available.  No  detailed  nannoplankton  records  from  the  san.e  time  interval  (-67 
Ma)  are  available  for  comparison  from  the  other  sections  studied.  The  cause 
for  the  abundance  increase  of  Zvgodiscus  sp.  1  remains  unclear  at  the  moment. 

In  the  sections  investigated  in  the  mid-latitude  Indian  Ocean  (Holes  76 IB 
and  217)  similar  taxa  display  abundance  variations;  in  both  holes  frequens. 
C..  daniae.  and  Vagalapilla  spp.  increase  in  abundance  during  the  last  -100  ky 
of  the  Maestrichlian  (Figures  67  and  68).  These  three  taxa  are  well  known  for 
their  abundance  maxima  in  high  latitudes  (e.g.  Thiersiein,  1981).  There  is  some 
evidence  (see  discussion  below)  that  tL-  frequens  is  indicative  of  cooler  water 
temperatures  and  it  is  suggested  that  the  abundance  increase  of  this  species  in 
the  Hiid-latitude  Indian  Ocean  indicates  cooling  of  surface  waters  during  the 
last  -100  ky  of  the  Maestrichtian.  The  concomitant  abundance  increase  of  two 
other  high  latitude  taxa  (C..  daniae  and  Vaealapilla  spp.)  sr  ms  to  support  this 
argument. 

An  abundance  decrease  of  E-  fibuliformis  was  recorded  in  both  Indian 
Ocean  sites  after  -66.65  Ma,  but  whereas  this  decrease  occurs  gradually  (-66.65- 
66.40  Ma)  in  Hole  761B  (Figure  67d)  it  is  fairly  abrupt  (-66.65-66.60  Ma)  in 
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Figure  66:  Abundance  variations  of  selected  calcareous  nannoplankton  laxa  in 
mid-latitudes  in  the  Atlantic  Ocean  (DSDP  Hole  528).  A  running  five  point 
average  was  calculated  on  the  data  and  the  shaded  band  represents  the  95% 
confidence  interval.  The  Crctaccous/Paleoccnc  boundary  .  _s  ai  66.4  Ma. 
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Hole  217  (Figure  68d).  In  fact  the  abundance  pattern  of  E.  fibuliformis  in  Hole 
217  is  similar  to  that  observed  in  high  southern  latitudes  (Hole  690C,  Figure 
65a);  it  also  occurred  virtually  at  the  same  time  at  these  two  sites.  No 
comparable  abundance  fluctuations  of  this  species  were  observed  in  the  mid¬ 
latitude  Atlantic  Ocean. 

The  fact  that  different  nannoplankton  species  displayed  significant 
abundance  fluctuations  during  the  last  -500-800  ky  of  the  Maestrichtian  is 
interpreted  here  as  a  consequence  of  different  environmental  changes 
(possibly  reflecting  different  water  masses)  in  the  high  southern  Atlantic 
Ocean,  the  mid-latitude  Atlantic  Ocean  and  the  mid-latitude  Indian  Ocean.  No 
species  displayed  comparable  abundance  variations  during  the  latest 
Maestrichtian  in  the  different  ocean  basins  covered  here.  The  similarity  of  the 
abundance  record  of  E-  fibuliformis  between  the  high  southern  Atlantic  Ocean 
and  the  mid-latitude  Indian  Ocean  is  considered  an  exception. 

In  contrast  to  the  heterogeneous  short  term  (-500-800  ky)  abundance 
fluctuations,  some  species  showed  similar  long  term  (throughout  the  entire 
Maestrichtian)  abundance  trends  in  all  ocean  basins.  These  trends  are 
discussed  below. 


(C)  Paleoenvironmental  Significance  of  Selected  Nannoplankton 
Species. 

(a)  Previous  Studies 

Geographic  abundance  gradients  of  Mesozoic  nannoplankton  species 
have  been  interpreted  as  a  consequence  of  environmental  differences. 
Latitudinal  abundance  gradients  were  most  often  explained  as  an  expression  of 
temperature  preference  (e.g.  Thierstein,  1976;  Thierstein,  1981;  Wise,  1983). 

The  other  environmental  parameters  invoked  were  nutrient  availability  (e.g. 
Roth  and  Bowdler,  1981)  and  water  depth  (e.g.  Thierstein,  1976). 

Roth  and  Bowdler  (1981)  investigated  mid-Cretaceous  nannoplankton 
abundance  patterns  and  observed  abundance  differences  of  numerous  taxa 
between  continental  margin  and  oceanic  associations.  In  neritic 
nannoplankton  associations  they  observed  comparatively  rapid  fluctuations  of 
species  abundances  and  monospecific  horizons  (which  they  explained  as 
"blooms"  of  certain  taxa  during  increased  nutrient  availability).  These  authors 
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explained  the  nannoplankton  patterns  in  the  neritic  sites  as  a  consequence  of 
high  nutrient  availability  near  continental  margins  and  denoted  those  taxa 
that  were  more  abundant  in  neritic  sections  (jB.-  constans.  erectus.  Z.-  elegans. 
Z..  diplogrammus.  Corollithion  sp.)  as  high  fertility  indicators.  Based  on  inverse 
reasoning  Roth  and  Sowdler  (1981)  identified  nannoplankton  species  that  they 
considered  low  fertility  indicators  (W .  barnesae.  R..  splendens.  E.-  asper. 
possibly  L.  carniolensisl.  Roth  and  Krumbach(1986)  expanded  the  data  set  of 
Roth  and  Bowdler  (1981)  and  applied  more  sophisticated  statistical  analyses, 
confirming  the  previous  findings.  In  order  to  exclude  poorly  preserved 
samples  from  their  data  Roth  and  Bowdler  (1981)  and  Roth  and  Krumbach 
(1986)  discarded  samples  in  which  the  solution  resistant  species  VL-  barnesae 
constituted  >40%  of  the  nannofossil  assemblage. 

Watkins  (1989)  examined  calcareous  nannofossil  assemblages  from 
Cenomanian-Turonian  rhythmically  bedded  pelagic  carbonates  of  the  Western 
Interior  (Greenhorn  Limestone).  He  compared  assemblages  from  chalks  with 
those  from  interbedded  marlstones  and  concluded  that  significant  differences 
existed  in  the  abundances  of  some  taxa  as  well  as  in  diversity  and  species 
richness.  The  biogcographic  abundance  patterns  of  2L-  erectus.  Biscutum 
constans.  and  Zeugrhabdotus  elegans  were  correlated  with  each  other  and 
occurred  more  frequently  in  the  marls  than  in  the  chalks.  Opposite  abundance 
trends  were  observed  in  £.  turriseiffeli.  T.  phacelosus.  £..  spinosa.  E.-  ignotus.  I.. 
stradneri.  and  L.-  carniolensis.  In  interpreting  these  abundance  trends 
Watkins  (1989)  followed  Roth  and  Bowdler  (1981)  and  Roth  and  Krumbach 
(1986)  considering  the  first  group  of  taxa  as  high  fertility  indicators  and  the 
second  as  low  fertility  indicators.  Watkins  (1989)  did  not  observe  a  correlation 
of  barnesae  with  any  other  taxa  (nor  with  lithology).  In  addition,  Watkins 
(1989)  observed  that  nannoplankton  diversity  (as  expressed  by  the  Shannon 
diversity  index)  was  higher  in  assemblages  in  which  the  low  fertility  taxa 
dominated. 

Premoli  Silva  et  al.  (1989)  investigated  organic  carbon  rich  sediments  of 
the  Aptian-Albian  Fucoid  Marls  in  central  Italy.  Factor  analyses  performed  on 
calcareous  nannofossil  assemblages  showed  that  Biscutum  constans. 
Discorhabdus  ignotus  and  Zvgodiscus  spp.  loaded  high  on  the  same  factor.  From 
comparison  with  the  results  of  Roth  and  Bowdler  (1981)  and  Roth  and 
Krumbach  (1986)  they  concluded  that  these  three  taxa  were  indicative  of  high 
fertility  in  areas  of  vigorous  upwclling.  Similarly,  they  interpreted 
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Rhagodiscu?;  asper  and  Lithraphidites  carniolensis  as  indicators  of  moderate 
fertility  and  warmer  waters. 

Erba  et  al.  (1992)  investigated  calcareous  nannofossil  assemblages  from 
the  Albian  Gault  Clay  Formation  (southern  England).  Preservation  of  the 
calcareous  nannofossils  was  good  and  she  indicated  that  the  abundance 
variations  observed  were  not  a  consequence  of  differential  dissolution.  This 
was  further  supported  by  the  fact  that  W_.  barnesae  was  never  excessively 
abundant  (<~25%  in  all  samples).  The  abundance  variations  of  barnesae  and 
fi..  constans  were  inversely  correlated  in  agreement  with  the  results  of  Roth 
and  Bowdler  (1981).  Consequently,  Erba  et  al.  (1992)  interpreted  these  species 
as  low  and  high  fertility  indicators,  respectively. 

All  of  the  taxa  interpreted  as  fertility  indicators  in  studies  of  mid- 
Cretaceous  nannoplankton  were  latitudinally  restricted  to  mid  and  low 
latitudes  during  the  Maestrichtian  and  some  of  them  exhibited  very 
conspicuous  abundance  changes  during  this  time. 

(b)  Biscutum  constans 

Abundance  decrease:  An  abundance  decrease  of  this  species  has 
been  observed  in  all  sections  investigated  (Figure  69).  It  began  in  the  early 
Maestrichtian  in  high  latitudes  and  during  the  late  Maestrichtian  in  mid- 
southern  latitudes  (Figure  69).  A  comparison  with  published  data  (Wind,  1979a; 
Thierstein,  1981;  Doeven,  1983)  also  revealed  decreasing  abundances  of  B.. 
constans  throughout  the  Maestrichtian. 

Geographic  distribution  of  the  abundance  decrease:  An 
investigation  of  the  count  data  of  Wind  (1979a:  table  6)  reveals  that  the 
abundance  decrease  of  £..  constans  occurred  in  several  sections.  In  DSDP  Hole 
217  (Wind,  1979a)  it  occurred  at  exactly  the  same  level  where  it  was  found  in 
this  study:  >6%  at  and  below  Section  217-21-1;  <1%  al  and  above  Section  217-19- 
1;  in  this  study  the  decrease  was  observed  between  Sections  217-19-4  and  217- 
19-2.  In  DSDP  Hole  216  a  decrease  at  the  same  level  (compare  Wind,  1979a: 
figure  14,  p.  110)  was  observed  by  Wind  (1979a)  although  only  two  samples 
document  this  trend  there.  In  DSDP  Hole  249  an  abundance  decrease  of  B.. 
constans  (from  >15%  in  most  samples  to  <10%)  was  recorded  in  the  lower 
Maestrichtian  (compare  Wind,  1979a:  figure  14,  p.  110).  In  DSDP  Hole  357  an 
abundance  decrease  of  B .  constans  is  apparent  from  Wind's  (1979a)  data;  its 
exact  level  is  difficult  to  delineate  due  to  a  coring  gap  across  which  the 
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abundance  change  was  recorded  but  it  occurred  near  the  boundary  between  Q_. 
trifidum  Zone  and  A.-  cvmhiformis  Zones  (lower  Maestrichtian;  Perch-Nielsen, 
1977;  DSDP  Vol.  39).  In  DSDP  Hole  10  (central  North  Atlantic)  the  decrease  of  B.. 
constans  (from  ~>4%  to  <1%)  occurs  at  the  base  of  the  L-  quadratus  Zone  (Data  of 
Wind.  1979a). 

An  abundance  decrease  of  B..  constans  is  not  apparent  from  Thierstein’s 
(1981)  study.  In  DSDP  Hole  356  (South  Atlantic).  DSDP  Hole  384  (North  Atlantic), 
and  in  the  low  latitude  shelf  section  at  Braggs.  Alabama.  B..  constans  was 
recorded  but  did  not  change  in  abundance  throughout  the  Maestrichtian 
(Thierstein,  1981).  This  species  was  not  recorded  from  DSDP  Hole  47.2  (tropical 
Pacific). 

Doeven  (1983)  documented  an  abundance  decrease  of  Biscutum  spp. 
during  the  Maestrichtian,  but  it  is  not  clear  which  species  he  observed,  and 
his  sample  resolution  is  very  low  (sec  above). 

The  observations  above  indicate  that  although  the  abundance  decrease 
of  B..  constans  during  the  Maestrichtian  was  not  restricted  to  the  southern 
hemisphere,  it  did  not  occur  worldwide.  They  also  support  my  observation  that 
this  decrease  did  not  occur  simultaneously  at  different  latitudes  (Figure  69). 

Biscutum  constans  has  been  interpreted  alternatively  as  high  fertility 
indicator  (c.g.  Roth  and  Bowdler,  1981)  and  as  temperature  indicator  due  to  its 
highest  abundances  in  high  mid-latitudes  (Wind,  1979a).  My  investigations 
showed  that  the  abundance  of  B..  constans  decreased  in  high  southern  latitudes 
throughout  the  Maestrichtian.  During  the  same  time  interval  a  cooling  trend 
is  indicated  by  the  oxygen  isotope  record.  This  may  be  interpreted  as  a  causal 
relation,  indicating  that  fi..  constans  decreased  because  surface  waters  became 
too  cool  and  supporting  Wind's  (1979a)  suggestion  that  this  species  is  a  (warm) 
temperature  indicator. 

At  the  same  time  there  is  evidence  for  increased  surface  water  fertility 
during  the  late  Maestrichtian  (see  discussion  above)  and  the  fact  that  B.. 
constans  did  not  increase  in  abundance  seems  to  contradict  its  interpretation 

as  a  high  fertility  indicator  (Roth  and  Bowdler,  1981).  It  is  possible  that 
abundance  changes  of  this  species  reflect  fertility  changes  as  long  as  surface 

water  temperatures  remain  within  certain  boundaries,  but  that  this  species 

disappears  independent  of  nutrient  availability  if  surface  water  temperatures 

exceed  its  ecological  tolerance.  It  is  suggested  here  that  the  abundance 
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decrease  of  fi..  constans  in  high  southern  latitudes  was  a  consequence  of 
cooling  beyond  the  ecologic  tolerances  of  this  species,  but  that  its  decrease  in 
mid-latitude  sections  could  be  due  to  decreasing  nutrient  availability. 

(c)  Piscorhabdus  ignotus 

Decreasing  abundances  of  £L-  i gnotus  in  the  late  Maestrichtian  were 
observed  in  two  mid  latitude  sections  (Holes  217  and  528)  in  this  study  but  an 
increase  in  the  epicontinental  section  at  Millers  Ferry  is  also  observed.  Like  fi.. 
constans  this  species  has  also  been  interpreted  as  high  fertility  indicator  (see 

above).  Its  abundance  decrease  supports  the  possibility  of  decreasing  nutrient 
availability  during  the  late  Maestrichtian  in  mid  latitudes. 

In  the  Millers  Ferry  Section  this  species  gradually  increased  in 
abundance  between  -66.60  and  66.42  Ma  (from  -3%  to  ~>5%).  At  -66.41  Ma  it 
increased  almost  threefold  in  abundance  (from  -5%  to  -15%).  Since  there  is  a 
hiatus  at  the  K/P  boundary,  the  true  extent  of  this  excursion  is  unknown. 

(d)  Nephrolithus  frequens  and  other  high  latitude  taxa 

Nephrolithus  frequens  is  more  abundant  in  high  than  in  mid-  and  low 
latitudes  (e.g.  Thierstein,  1981;  Figure  70)  and  its  abundance  increased  during 
the  Maestrichtian  in  high  southern  latitudes  in  parallel  with  the  temperature 
decrease  indicated  by  the  oxygen  isotope  record.  This  may  indicate  that 
frequens  is  indicative  of  comparatively  cool  surface  water  temperatures  (c.g. 
Thierstein,  1981;  Pospichal  and  Wise,  1990).  The  equatorward  spread  of  the  first 

appearance  of  £L-  frequens  during  the  Maestrichtian  (Figure  71)  is  has  usually 
been  interpreted  as  reflecting  progressive  cooling  of  surface  waters.  On  the 
other  hand,  no  abundance  decrease  was  observed  at  high  southern  latitudes 
during  the  warming  pulse  between  -66.65-66.50  Ma  (Figure  72)  suggesting  that 
£L-  frequens  is  not  a  very  sensitive  temperature  indicator  and/or  that 
abundance  fluctuations  of  this  taxon  reflects  changes  in  water  mass  structure 
or  surface  water  fertility  in  addition  to  cooler  temperatures. 

The  abundance  increase  of  frequens  during  the  last  -100  ky  of  the 
Maestrichtian  at  mid-latitudes  in  the  Atlantic  and  Indian  Oceans  (Figure  70) 
possibly  reflects  decreasing  surface  water  temperatures  at  these  sites  at  the 
end  of  the  Maestrichtian.  Together  with  tL-  frequen  ,.  two  other  high  latitude 
taxa  also  incrca.scd  significantly  in  abundance  during  the  last  -100  ky  of  the 
Maestrichtian  in  the  mid-latitude  Indian  Ocean:  C.-  daniac  and  Vagalapilla  spp. 


high  southern  latitudes  I  mid  southern  latitudes 


Figure  70:  Comparison  of  the  abundance  variations  of  Nephrolithus  frequens 
in  different  latitudes  and  different  ocean  basins  during  the  Maestrichtian. 
This  species  increased  in  abundance  much  earlier  in  high  southern  latitudes 
than  in  the  mid-latitude  Indian  Ocean. 


Age(Ma) 


Figure  71;  Comparison  of  the  first  appearances  of  Neohrolithus  freouens 
compiled  from  DSDP-  and  ODP-Holcs  where  magnelostratigraphic  control  is 
available. 


189 


N.  frequens  G.  muldspinatus 

%  *0,  PDB 

10  20  30  40  50  -0.2  0.0  0.2  0.4  0.6 


Figure  72;  Abundance  fluctuations  of  Nephrolithus  frequens  and  the  5'*0 
record  during  the  last  ~500  ky  of  the  Maestrichtian  (66.9-66.4  Ma).  The 
negative  shift  of  the  oxygen  isotope  values  between  -66.65  and  66.50  Ma  is 
interpreted  as  a  wanning  pulse.  No  abundance  decrease  of  the  cool  water 
indcator  £|L.  frequens  is  apparent  during  the  wanning  pulse  suggesting  that 
this  species  is  not  a  very  sensitive  temperature  indicator  and/or  that  its 
abundance  fluctuations  are  not  only  reflecting  temperature  changes.  Stable 
isotope  data  from  Stott  and  Kennett  (1990).  The  relative  abundance  of  £4.. 
frequens  was  calculated  exclusive  of  £.  stoveri. 
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(Figures  67  and  68).  Crihrosphaerella  daniae  increased  in  abundance  in  high 
southern  latitudes  throughout  the  Macstrichtian  (in  parallel  with  decreasing 
surface  water  temperatures);  therefore  its  abundance  increase  in  the  latest 
Maestrichtian  in  the  mid-latitude  Indian  Ocean  may  also  suggest  decreasing 
surface  water  temperatures.  In  contrast,  Vagalapilla  spp.  decreased  in 
ab  ndance  during  the  Maestrichtian  suggesting  that  this  high  latitude  taxon 
does  not  respond  primarily  (or  exclusively)  to  changing  surface  water 
temperatures. 

(f)  Ahmuellerella  octoradiata 

This  species  was  more  abundant  in  high  than  in  low  latitudes  during  the 
Maestrichtian  (e.g.  Thierstein,  1981;  this  study;  Table  6;  Figure  73),  which  was 
sometimes  interpreted  as  a  preference  for  cooler  waters.  On  the  other  hand, 
octoradiata  decreased  in  abundance  during  the  Maestrichtian  in  high  and  mid¬ 
latitudes  (this  study.  Figure  73)  when  stable  isotope  records  indicated  global 
cooling  and  when  most  other  high  latitude  taxa  increased  in  abundance.  The 
explanation  for  this  abundance  change  is  not  obvious  but  is  possibly  related  to 
fertility  changes.  Furthermore  the  abundance  decrease  through  the 
Maestrichtian  reinforces  the  warning  that  species  with  abundance  peaks  in 
high  latitudes  cannot  automatically  be  interpreted  as  cool  water  indicators 
(e.g.  Vagalapilla  spp.,  see  previous  paragraph). 

4)  Implications  of  High  Resolution  Biogeograohic  Studies 

Very  closely  spaced  samples  permitted  a  temporal  resolution  better 
than  5  ky  for  the  last  60  ky  of  the  Maestrichtian  (represented  by  -2.7m)  in 
Hole  690C  and  during  the  last  75  ky  (represented  by  -7.5  m)  in  Hole  528. 

Surprisingly  high  intersample  variability  was  recorded  in  virtually  all 
taxa  in  both  holes.  The  sample  spacing  in  Hole  690C  was  -3-5cm  and  only  minor 
abundance  variability  of  individual  nannoplankton  taxa  between  samples  had 
been  expected,  because  (i)  lithology  (e.g  carbonate  content)  and  color  arc 
uniform  (compare  lithologic  description  in  Chapter  BIOCHRONOLOGY),  and  (ii) 
indications  for  intensive  bioturbation  arc  ubiquitous  in  the  sediment 
(presumably  obliterating  any  original  short  term  abundance  variations 
through  sediment  homogenization).  The  reason  for  the  high  intcrsamplc 
variability  is  not  known.  In  most  taxa  this  variability  seems  to  be  random  and 
not  cyclical  (except  maybe  for  Q.  chrenbergii;  compare  Chapter  RESULTS,  HOLE 
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690C)  but  lime  series  analyses  will  have  to  be  used  to  decipher  any  genuine 
cyclicity. 

Similar  results  of  high  intersample  variability  between  closely  spaced 
samples  were  obtained  in  Hole  528,  where  cyclical  abundance  variations  were 
possibly  recorded  in  fibuliformis  and  P..  stoveri  (but  again,  time  series 
analyses  will  be  necessary  to  evaluate  these  trends). 

The  high  variability  of  nannoplankton  species  abundances  between 
adjacent  samples  demonstrates  the  need  of  closely  spaced  samples  to 
characterize  genuine  abundance  trends.  The  abundance  fluctuation  of  £.. 
fibuliformis  between  ~66.85  and  66.4  Ma  in  Hole  690C  (Figure  65a)  is  also 
apparent  in  the  range  chart  of  Pospichal  and  Wise  (1990:  table  2),  but  this 
interval  is  only  covered  by  five  samples  and  therefore  the  significance  of 
these  abundance  changes  was  not  recognized. 

Similarly,  in  many  cases  it  is  impossible  to  interpret  confidently  the 
abundance  fluctuations  recorded  in  widely  spaced  samples  (i.e.  one  sample 
every  ~3  m)  in  Holes  690C,  761 B,  and  217  and  only  the  most  general  trends  can 
be  derived. 

High  inter-sample  variability  was  not  restricted  to  the  late 
Maestrichlian  interval,  but  occurred  in  all  time  slices  investigated.  In  order  to 
recognize  the  statistically  significant  trends  underlying  this  high  variability 
a  moving  five-point  average  was  calculated  and  is  reported  in  the  figures  in 
this  chapter. 


5)  IMPLICATIONS  FOR  CALCAREOUS  NANNOPLANKTON  EXTINCTIONS 
AT  THE  K/P  BOUNDARY 

My  detailed  investigations  of  abundance  changes  of  calcareous 
nannoplankton  taxa  do  not  indicate  a  gradual  loss  of  species  nor  stepwise 
extinctions  during  the  last  -500  ky  of  the  Cretaceous.  The  nannofossil  data  thus 
do  not  support  sequential  turnover  and  stepwise  extinctions  of  planktonic 
foraminifera  reported  from  several  sections  (El  Kef,  Tunisia:  Keller,  1988; 
Brazos  River,  Texas:  Keller,  1989).  Conspicuous  abundance  changes  of  few  taxa 
were  demonstrated  during  this  lime  interval  (-67-66.4  Ma)  which  arc  believed 
to  reflect  environmental  perturbations,  but  no  extinctions  could  be 
demonstrated  to  occur  at  the  same  time.  There  is  no  evidence  in  my  data  that 
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the  environmental  perturbations  inferred  from  fluctuations  of  stable  isotopes 
and  selected  nannoplankton  taxa  imposed  a  stress  on  the  calcareous 
nannoplankton  rendering  them  particularly  vulnerable  to  extinction;  relative 
abundances  of  most  taxa  did  not  change  systematically  during  the  last  -500  ky 
of  the  Cretaceous, 

The  abundance  fluctuations  recorded  during  the  last  -500  ky  of  the 
Maestrichtian  are  not  unusual  compared  to  abundance  fluctuations  recorded 
in  intervals  of  high  sample  density  earlier  in  the  Maestrichtian  (compare  e.g. 
the  abundance  fluctuations  of  E.-  constans  between  -68.6-68.3  Ma  in  Hole  217 
with  those  between  -67.2-66.4  Ma  in  Hole  528;  Figure  69c,  d).  This  implies  that 
environmental  perturbations  were  not  restricted  to  the  last  -500  ky  of  the 
Cretaceous,  but  characterized  the  entire  Maestrichtian.  Judging  from  the 
nannoplankton  results  it  would  be  expected  that  high-resolution  stable  isotope 
records  during  earlier  parts  of  the  Maestrichtian  should  document 
environmental  perturbations  similar  to  those  during  the  latest  Maestrichtian 
(-67-66.4  Ma). 

There  is  no  evidence  in  my  data  that  calcareous  nannoplankton 
associations  in  high  latitudes  were  affected  by  environmental  stress  to  a 
greater  degree  than  in  low  latitudes  during  the  last  -500  ky  of  the 
Maestrichtian.  This  contradicts  the  predictions  of  Stanley  (1984)  who  argued 
that  global  cooling  was  the  cause  for  the  extinctions  at  the  K/P  boundary. 


6)  SUMMARY 

Investigations  of  evolutionary  and  biogeographic  patterns  in 
Maestrichtian  calcareous  nannoplankton  yield  the  following  results. 

1)  Major  differences  in  the  early  and  the  late  Maestrichtian  nannoplankton 
associations  existed  in  high  southern  latitudes.  Over  50%  of  all  taxa  became 
either  extinct  or  restricted  in  their  geographic  distribution  to  mid-  and  low 
latitudes.  Most  of  the  extinctions  and  emigrations  occurred  in  the  late  early 
and  early  late  Maestrichtian  (between  -71.4  and  -70.4  Ma).  During  this  time 
interval  less  pronounced  assemblage  changes  were  also  recorded  in 
planktonic  and  benthic  foraminifera. 
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2)  Oxygen  isotope  records  of  planktonic  and  benthic  foraminifera  indicate 
progressive  cooling  of  water  masses  during  the  entire  Maestrichtian  in  high 
southern  latitudes  with  a  cooling  pulse  at  ~71  Ma  (early  part  of  Chron  31R).  A 
(possibly  global)  brief  negative  carbon  isotope  excursion  occurred  at  -71  Ma 
and  may  be  a  consequence  of  the  sea-level  fall  in  the  mid-Maestrichtian. 

3)  Many  of  the  nannoplankton  taxa  that  became  extinct  between  72.4  and  70.4 
Ma  were  restricted  to  or  most  abundant  in  high  southern  latitudes  in  the 
Atlantic  and  Indian  Ocean  (austral  taxa).  It  would  appear  that  they  became 
extinct  as  a  consequence  of  increases  in  nutrient  availability,  reduction  in  the 
stratification  of  the  photic  zone,  or  changes  in  salinity,  caused  by  changes  in 
surface  circulation  as  a  consequence  of  a  sea  level  fall. 

The  emigrations  of  numerous  taxa  from  high  latitudes  is  interpreted  as  a 
response  to  progressive  cooling  in  high  latitudes. 

4)  In  high  southern  latitude.^  an  abundance  increase  of  Micula  staurophora 
coincided  with  the  beginning  of  a  warming  pulse  indicating  that  abundance 
changes  of  this  species  may  be  due  to  temperature  fluctuations  Previously, 
abundance  fluctuations  of  this  highly  solution  resistant  species  have  mostly 
been  interpreted  as  an  indicator  of  preservation. 

5)  Significant  abundance  fluctuations  were  recorded  in  several  other 
nannoplankton  taxa  during  the  last  -500-800  ky  of  the  Maestrichtian. 

Abundance  fluctuations  of  similar  magnitude  were  also  recorded  in  the  early 
and  early  late  Maestrichtian,  indicating  that  environmental  perturbations 
were  not  restricted  to  the  latest  Maestrichtian. 

6)  A  conspicuous  feature  of  the  calcareous  nannoplankton  assemblage  is  the 
lack  of  abundance  changes  in  numerous  high-latitude  taxa  (i.e.  taxa  that  are 
most  abundant  in  high  latitudes  and  rare  or  absent  from  low  latitudes)  during 
a  warming  pulse  of  -2°C.  This  may  indicate  that  high-latitude  taxa  have  wide 
temperature  tolerances  or  that  their  abundance  fluctuations  are  not 
exclusively  due  to  temperature  changes. 

7)  Abundance  changes  in  two  taxa  arc  of  particular  interest.  An  abundance 
decrease  of  constans  was  recorded  in  all  sections  studied.  It  occurred 
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diachronously  in  different  sections  and  is  attributed  to  local  decreases  in 
surface  water  fertility. 

Ahmuellerella  nctoradiata  was  more  abundant  in  high  than  in  low 
latitudes  during  the  Maestrichtian  but  decreased  in  abundance  throughout  the 
Maestrichtian  in  all  latitudes  when  stable  isotope  records  indicated 
progressive  cooling  of  surface  waters.  This  indicates  that  the  higher 
abundance  of  A.-  octoradiata  in  high  latitudes  does  not  reflect  its  preference 
for  colder  surface  waters.  This  observation  indicates  that  high  latitude  taxa 
should  not  automatically  be  interpreted  as  indicative  of  lower  water 
temperatures. 

8)  No  stepwise  extinctions  and  no  gradual  loss  of  species  were  recorded  among 
the  calcareous  nannoplankton  during  the  last  -500  ky  of  the  Cretaceous. 
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CHAPTER  6 
SYNOPSIS 

The  following  discussion  summarizes  the  major  findings  of  this  study 
and  highlights  correlations  between  the  biogeographic  evolution  of  the 
marine  calcareous  plankton  during  the  Maestrichtian  and  major 
oceanographic  and  climatic  events.  These  events  are  graphically  summarized 
in  Figures  74  and  75. 

Maestrichtian  calcareous  nannoplankton  are  characterized  by 
pronounced  latitudinal  provincialism;  numerous  species  display  abundance 
gradients  across  latitudes  and/or  are  endemic  to  high  or  low  latitude  regions 
(e.g.  Wind.  1979a;  Thierstein,  1981;  this  study).  This  study  shows  that  a 
significant  turnover  occurred  in  the  late  early  and  early  late  Maestrichtian 
(between  ~72.4  and  70.4  Ma)  when  about  one  third  of  all  taxa  in  high  southern 
latitudes  became  extinct  (including  all  taxa  endemic  to  the  austral  realm. 

During  the  same  time  interval  another  third  disappeared  regionally  (Figure 
74.2)  restricting  their  geographic  distribution  to  mid  and  low  latitudes  where 
they  persisted  until  the  end  of  the  Cretaceous  (66.4  Ma). 

Ahmuellerella  octoradiata  and  Nephrolithus  frequens  are  both  more 
abundant  in  high  than  in  low  latitudes  and  it  has  been  implied  (Thierstein, 
1981)  that  high  latitude  taxa  preferred  colder  water  temperatures.  These  two 
species,  however,  have  opposite  abundance  trends  during  the  Maestrichtian 
(Figure  74).  When  stable  isotope  evidence  suggests  gradual  global  cooling  of 
surface  waters,  the  abundance  of  A.-  octoradiata  decreased  whereas  that  of  £1. 
frequens  increased,  suggesting  that  tL-  frequens  may  have  preferred  lower 
temperatures  and  that  A.-  octoradiata  was  insensitive  to  the  cooling.  In  addition, 
the  first  occurrence  of  frequens  appears  to  be  diachronous,  occurring 
progressively  later  (calibrated  against  paleomagnetic  stratigraphy)  in  mid- 
and  low  than  in  high  latitudes,  in  agreement  with  the  hypothesis  that  this 
species  migrated  equatorward  in  response  to  decreasing  surface  water 
temperatures  (Pospichal  and  Wise,  1990). 

Biscutum  constans  also  decreased  in  abundance  throughout  the 
Maestrichtian  (Figure  74).  This  abundance  decrease  occurred  earlier  in  high 
than  in  low  latitudes.  According  to  Roth  and  Dowdier  (1981)  B..  constans  is  a 
fertility  indicator.  Its  abundance  decrease  during  the  Maestrichtian  would 
suggest  that  nutrient  availability  decreased  during  the  latest  Cretaceous. 
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However,  stable  isotope  records  from  high  southern  latitudes  may  be 
interpreted  as  a  decrease  in  the  stratification  of  surface  waters,  thus 
facilitating  mixing  of  nutrients  into  the  photic  zone.  The  conflict  in  the 
interpretation  of  the  abundance  decrease  of  B..  constans  and  the  stable  isotope 
record  cannot  be  resolved  with  the  data  available,  but  it  is  likely  that  the 
abundance  distribution  of  E..  constans  is  not  simply  a  fertility  signal.  Its 
distribution  may  also  be  influenced  by  temperature  changes. 

Pronounced  provincialism  during  the  late  Campanian  and  early 
Maestrichtian  was  also  reported  for  planktonic  foraminifera  (e.g.  Huber,  1992) 
when  austral,  transitional,  and  tethyan  assemblages  were  differentiated.  The 
austral  planktonic  foraminiferal  assemblages  were  characterized  by  low 
diversity,  taxa  endemic  to  high  southern  latitudes,  and  the  absence  or  extreme 
rarity  of  keeled  forms.  During  the  late  early  and  late  Maestrichtian  the 
differences  between  the  austral,  transitional,  and  tethyan  foraminiferal 
assemblages  became  less  pronounced  partly  due  to  the  geographic  expansion 
of  low  latitude,  keeled  species  into  high  southern  latitudes  (see  Figure  74). 

Two  Maestrichtian  assemblages  of  benthic  foraminifera  can  be 
distinguished  in  high  southern  latitudes  (Thomas,  1990;  Figure  74)  but  the 
differences  between  the  assemblages  are  small  compared  to  faunal  changes  at 
other  times  (Thpmas,  1990).  At  -69.4  Ma  (magnetochron  31R/31N  boundary) 
species  diversity  increased  slightly,  and  the  proportion  of  infaunal  and 
cylindrical  species  increased  at  the  expense  of  epifaunal  species.  The  causes  of 
the  changes  in  the  benthic  foraminifera  assemblages  (changes  in  the 
availability  of  organic  carbon  due  to  productivity  changes  in  surface  waters 
or  changes  in  the  oxygen  content  of  bottom  waters)  are  not  clear,  since 
neither  the  stable  isotope  records  nor  the  other  microfossil  groups  exhibit 
coeval  changes. 

Stable  isotope  records  indicate  global  cooling  of  surface  and  bottom 
waters  as  well  as  circulation  changes.  Oxygen  isotope  data  from  planktonic  and 
benthic  foraminifera  from  low  (Saito  and  van  Donk,  1974;  Douglas  and  Savin. 
1975;  see  summary  in  Savin,  1977)  and  high  latitudes  (Barrera  et  al.,  1987; 
Barrera  and  Huber,  1990)  indicate  that  surface  and  bottom  water  temperatures 
decreased  throughout  the  Maestrichtian  (sec  Figure  74).  In  high  southern 
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Figure  74:  Oceanographic  and  climatic  events  in  the  Maestrichtian  as 
evidenced  by  calcareous  nannoplankton,  foraminifera,  stable  isotopes  and 
seismic  stratigraphy.  Compiled  from  the  following  sources;  (1)  Kent  and 
Gradstein  (1985);  Berggren  et  al.  (1985);  (2)  this  study;  (3)  Huber  (1992a);  (4) 
Thomas  (1990);  (5)  Barrera  and  Huber  (1990);  Stott  and  Kennett  (1990);  Saito 
and  van  Donk  (1974);  Douglas  and  Savin  (1975);  (6)  Barrera  and  Huber  (1990); 
Corfield  et  al.  (1991);  Mount  et  al.  (1986);  (7)  Vail  et  al.  (1977);  Bond  (1978); 
Hancock  and  Kauffman  (1979);  Haq  et  al.  (1987). 
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latitudes  an  abrupt  cooling  pulse  was  recorded  at  the  carly/laie  Maestrichtian 
boundary.  I  proposed  that  the  temperature  decrease  of  high  latitude  surface 

waters  was  the  cause  for  the  regional  disappearance  of  twelve  nannoplankton 
species  and  genera  during  the  late  early  and  early  late  Maestrichtian;  these 

taxa  persisted  until  the  end  of  the  Cretaceous  in  lower  latitudes  where  surface 
water  temperatures  were  warmer. 

At  the  same  time  as  the  cooling  pulse,  the  oxygen  isotope  gradient 
between  planktonic  species  decreased  implying  decreased  surface  water 
stratification  in  the  late  Maestrichtian.  This  decrease  of  surface  water 
stratification  would  have  facilitated  the  mixing  of  nutrients  into  surface 
waters.  Studies  of  recent  nannoplankton  have  shown  that  coccolithophorid 

diversity  is  higher  under  oligotrophic  than  under  eutrophic  conditions 

(Kilham  and  Kilham,  1980).  I  propose  that  decreasing  stratification  of  surface 
waters  and  increased  nutrient  concentrations  in  the  photic  zone  resulted  in 
the  extinction  of  twelve  taxa  in  high  southern  latitudes. 

A  negative  excursion  in  the  carbon  isotope  record  was  recorded  at  the 
early/late  Maestrichtian  boundary  (~71  Ma;  earliest  part  of  magnetochron 
31R)  in  high  southern  latitudes.  This  excursion  was  recorded  in  planktonic  as 
well  as  in  benthic  foraminfera  indicating  that  it  affected  the  entire  water 
column.  A  similar  negative  carbon  isotope  excursion  was  also  observed  in  two 
tropical  sections  indicating  a  global  phenomenon.  This  excursion  may  have 
resulted  from  an  exchange  of  carbon  reservoirs,  possibly  as  a  consequence  of 
ocean  circulation  changes  and/or  a  sea-level  fall. 

A  sea  level  fall  at  the  early/late  Maestrichtian  boundary  has  been 
suggested  by  several  authors  (e.g.  Hancock  and  Kauffman,  1979;  Haq  et  al., 
1987),  but  opinions  differ  about  its  abruptness  and  amplitude.  Hancock  and 
Kauffman  (1979)  reported  that  the  sea  level  during  the  late  Campanian  and 
early  Maestrichtian  was  about  645-660  m  higher  than  today,  and  that  ii  fell 
during  the  late  Maestrichtian  (dotted  bar  in  Figure  74.7).  Haq  el  al.  (1987) 
indicated  a  fairly  abrupt  and  comparatively  brief  sea-level  fall  at  the 
early/late  Maestrichtian  boundary  (from  ~225  m  to  -160  m  above  present  sea 
level)  followed  by  a  return  to  a  high  sea  level  stand  during  the  late 
Maestrichtian  (dashed  line  in  Figure  74.7).  Vail  et  al.  (1977)  reported  that  the 
sea-level  in  the  latest  Cretaceous  was  300-350  m  above  present  sea  level.  These 
authors  did  not  report  any  details  on  Cretaceous  sea-level  changes  because 
these  results  had  not  been  released  for  publication  (Vail  et  al..  1977).  Bond 
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(1978)  argued  that  the  sea-level  during  the  late  Campanian  and  early 
Maestrichtian  was  only  -100-150  m  higher  than  today;  he  suggested  that 
higher  estimates  derived  from  North  America  and  Africa  were  exagerated  due 
to  uplift  of  these  continents  since  the  latest  Cretaceous. 

During  the  last  -800  ky  of  the  Maestrichtian  pronounced  abundance 
changes  occurred  in  calcareous  nannoplankton  in  all  sections  investigated. 
The  abundance  changes  in  the  mid-latitude  Indian  Ocean  Sites  (Site  217  and 
761)  affected  the  same  species  and  occurred  at  approximately  the  same  time;  in 
contrast,  the  abundance  patterns  at  the  other  sites  strongly  differ  from  those 
at  Sites  217  and  761  and  they  occurred  at  different  times.  This  indicates  that 
environmental  perturbations  occurred  in  all  ocean  basins,  but  apparently 
were  of  different  nature  and  timing.  It  is  concluded  that  the  mid-latitude  South 
Atlantic  Ocean,  the  mid-latitude  Indian  Ocean,  and  the  high-latitude  Southern 
Ocean  were  occupied  by  different  water  masses  with  different  environmental 
characteristics. 

At  southern  high  latitudes  stable  isotope  records  from  planktonic  and 
benthic  foraminifera  (Stott  and  Kennett,  1990)  indicate  environmental 
perturbations  (warming  pulse  or  low-salinity  pulse;  ocean  circulation 
changes)  but  none  of  the  nannoplankton  abundance  changes  exactly 
correlate  with  the  stable  isotope  changes. 

The  planktonic  foraminifer  Pseudotextularia  elegans  first  appeared  in 
high  southern  latitudes  in  the  latest  Maestrichtian  (at  -66.5  Ma  on  Maud  Rise: 
Huber,  1990;  Huber,  1992b).  This  is  much  younger  than  the  first  appearance 

datum  of  this  species  in  low  latitudes  (late  Campanian;  see  Huber  and  Watkins, 
1992:  fig.  16).  Huber  and  Watkins  (1992)  interpreted  the  poleward  migration  of 
E..  elegans  in  the  latest  Maestrichtian  as  a  consequence  of  a  brief  (-<100  ky) 
warming  pulse  indicated  by  a  negative  excursion  in  the  oxygen  isotope 
records  at  that  time  on  Maud  Rise. 

During  the  same  general  time  Courtillot  (1990)  placed  three  major 
eruption  events  of  the  Deccan  Trap  volcanism.  The  temporal  constraints  on 
these  eruption  pulses  are  derived  froni  the  paleomagnetic  data  and  are  only 

approximate  but  they  suggest  that  the  bulk  of  the  eruptions  occurred  during 
the  last  -500  ky  of  the  Cretaceous  (Courtillot,  1990).  It  has  been  suggested  that 
the  eruptions  of  the  Deccan  Traps  caused  environmental  (acid  rain)  and 

climatic  perturbations  which  leading  to  the  biospheric  turnover  across  the 
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Figure  75:  Oceanographic  and  climatic  events  during  the  last  800  ky  of  the 
Cretaceous  based  on  evidence  from  calcareous  nannoplankton,  planktonic 
foraminifera,  sta>'>'*  isotopes,  volcanism,  seismic  stratigraphy,  and  fossil  plant 
records.  Comp’.^d  from  the  following  sources:  (1)  (1)  Kent  and  Gradstein 
(1985);  Berggren  et  al.  (1985);  (2)  this  study;  (3)  Huber  (1990,  1992a);  (4)  and 
(5)  Stott  and  Kennett  (1990);  (6)  Courtilloi  (1990);  (7)  Vail  ct  al.  (1977),  Haq  et  al. 
(1987),  Brinkhuis  and  Zachariasse  (1988). 
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K/P  boundary  (Officer  et  al.,  1987).  However,  no  gradual  or  stepwise 
extinctions  of  calcareous  nannoplankton  during  the  postulated  eruption 
pulses  in  the  latest  Maestrichtian  could  be  documented  in  this  study. 

At  the  Cretaceous/Paleocene  boundary  the  sea-level  fell  -200  m 
according  to  Vail  et  al.  (1977),  and  -100  m  according  to  Haq  et  al.  (1987). 
Brinkhuis  and  Zachariasse  (1988)  reported  changes  in  dinoflagellate 
associations,  number  of  sporomorphs  and  changing  amounts  of  land  derived 
organic  matter  from  the  El  Haria  section  (Tunisia)  and  regarded  them  as 
indicative  of  rapidly  falling  sea  level  during  the  last  17  ky  of  the  Cretaceous. 

Physiognomic  and  taxonomic  changes  of  land  plant  macrofossils  from 
the  interior  -i  North  America  indicate  a  warming  trend  beginning  at  the  base 
of  Magnetochron  29  (Johnson,  1992).  The  correlation  of  this  warming  trend 
with  the  warming  pulse  deduced  from  the  oxygen  isotope  record  in  high 
southern  latitudes  remains  tentative  at  present. 
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APPENDIX  I 
TAXONOMY 

Different  levels  of  taxonomic  identificatation  were  possible  depending 
on  preservation.  In  the  data  tables  (Appendix  II)  the  highest  taxonomic 
resolution  achieved  is  given  for  each  sample;  in  well  preserved  samples  most 
taxa  could  be  identified  at  the  species  level,  whereas  in  many  moderately  to 
poorly  preserved  samples  only  generic  identification  was  possible  in  certain 
taxa.  When  identification  at  the  species  level  could  not  be  maintained  in  all 
samples  it  was  necessary  to  group  species  at  the  generic  level  for  comparison 
between  samples  and  between  sections.  The  following  is  a  list  of  the  species 
identified  in  this  study;  included  are  discussions  of  the  grouping  of  taxa  for 
inter-sample  comparison. 

Ahmuellerella  octoradiata  (Gorka.  1957)  Reinhardt  (1964) 

Angulofenestrellithus  snvderi  Bukry  (1969) 

Arkhangelskiella  cvmbiformis  Vekshina  (1959) 

A. -  spccillata  Vekshina  (1959):  In  poorly  preserved  samples  it  was  not  always 

possible  to  differentiate  between  A-  cvmbiformis  and  A-  specillata 
because  the  pores  in  the  central  area  were  covered  due  to 
recrystallization,  (see  also  comments  under  Broinsonia  enormis). 
Biantholithus  sparsus  Bramlette  and  Martini.  1964 
Biscutum  Black  in  Black  and  Barnes.  1959 

B.  boletum  Wind  and  Wise  in  Wise  and  Wind  (1977) 

EL.  constans  (Gorka,  1957)  Black,  1967:  In  this  study  £..  constans  and  fi.. 

castrorum  are  considered  synonymous.  According  to  Pcrch-Nielsen 
(1968)  B..  constans  has  priority  over  E..  testudinarium  Black  (1959)  which 
is  a  younger  synonym.  Biscutum  constans  and  E..  castrorum  arc 
considered  synonyms  (following  Noel,  1970),  although  some  researchers 
indicate  that  these  may  be  indeed  two  distinct  genera,  based  on  coccolith 
size  and  number  of  marginal  elements  (Pcrch-Niciscn,  1968)  or  on 
coccolith  size  and  the  construction  of  the  central  area  (Romcin,  1979). 
According  to  Romcin  (1979)  the  elements  of  the  proximal  shield  extend 
into  and  close  the  central  area  in  E.-  castrorum.  whereas  in  E.-  constans 
the  central  area  is  filled  with  granular  elements  which  arc  clearly 
separate  from  the  shield  elements.  The  light  microscope  expression  of 
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these  two  types  of  construction  is  not  demonstrated  satifactorily:  in  B.. 
castrorum  the  entire  central  area  is  birefringent  (Romein,  1979;  pi.  9, 
fig.  1),  but  no  light  microscope  picture  was  supplied  of  B..  constans. 
Pospichal  (1991;  pi.  2.  fig.  1-2  and  pi.  3,  fig.  3)  gave  light  microscope 
illustrations  of  both  species:  the  central  area  of  B..  ca.strorum  is 
completely  bright  in  cross-polarized  light,  whereas  only  a  narrow 
birefringent  ring  lines  the  central  area  in  constans.  No  electron 
microscope  pictures  of  the  proximal  sides  of  these  two  forms  were 
provided  so  that  the  the  correspondence  of  the  light-microscope 
pictures  to  the  ultra  structure  as  described  by  Romein  (1979)  is  still 
unproven.  In  my  investigations  both  of  the  forms  illustrated  by 
Pospichal  (1991)  as  B..  castrorum  and  as  B..  constans  were  encountered; 
both  were  recorded  as  constans  because  I  interpreted  the  forms  with 
a  birefringent  ring  in  the  central  area  as  incomplete  (broken) 
specimens  of  those  with  a  completely  birefringent  area. 

fi..  coronum  Wind  and  Wise  in  Wise  and  Wind  (1977):  The  species  illustrated  by 
Bralower  and  Siesser  (1992:  pi.  1,  figs.  23,  24)  is  not  included  with  B.. 
coronum  in  this  study,  but  would  probably  by  classified  as  B..  constans. 

EL-  dissimilis  Wind  and  Wise  in  Wise  and  Wind  (1977) 

E.-  magnum  Wind  and  Wise  in  Wise  and  Wind  (1977) 

Biscutum  sp.  cf.  B..  magnum:  This  species  is  very  similar  to  B.-  magnum  except 
that  its  margin  is  much  narrower  than  typical  specimens  of  this 
species. 

EL.  notaculum  Wind  and  Wise  in  Wise  and  Wind  (1977) 

Biscutum  sp.  1  (Pospichal  and  Bralower;  1992;  pi. 3,  fig.  1-2):  This  taxon  is 

common  in  all  sections  studied.  It  is  smaller  than  other  species  of  this 
genus  observed  in  this  investigation  (with  the  exception  of  B.- 
notaculuml.  In  normal  light  a  ring  of  high  relief  surrounds  the  central 
area;  this  ring  is  bright  in  cross  polarized  light.  Biscutum  sp.  1  differs 
from  B..  constans  in  having  a  fairly  narrow  margin  (the  diameter  of  the 
central  area  is  bigger  than  the  width  of  the  margin). 

Biscutum  sp.  2  This  species  is  characterized  by  a  narrow  margin  and  a  cro.ss 

like  (?)  structure  spanning  the  central  opening.  It  was  only  observed  in 
Hole  690C. 

Braarudosphaera  bigelowii  (Gran  and  Braarud.  1935)  Dcflandrc,  1947 
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Broinsonia  Bukry,  1969:  This  genus  differs  from  Arkhaneelskiella  in  the 

presence  of  a  second,  outer,  narrow  marginal  cycle  on  the  distal  side 
(Bukry,  1969).  This  cycle  is  clearly  visible  only  in  well  preserved 
material.  In  moderately  and  poorly  preserved  material  the  outer 
marginal  cycle  cannot  be  distinguished  in  most  cases.  Bralower  and 
Siesser  (1992)  used  the  presence/absence  of  pores  as  well  as  the 
extinction  pattern  of  the  central  area  to  distinguish  between 
Arkhangelskiella  and  Broinsonia.  This  practice  is  not  adopted  here 
since  observations  in  well  preserved  material  (where  Broinsonia  can  be 
recognized  based  on  the  outer  marginal  cycle)  indicate  that  both  of 
these  characteristics  are  very  variable  and  do  not  allow  consistent 
differentiation  between  the  genera. 

Broinsonia  bevieri  Bukry,  1969 

Broinsonia  enormis  (Shumenko,  1969)  Manivit  (1971):  In  size  and  in  ratio  of 
margin  to  central  area  this  species  is  very  similar  to  Arkhangelskiella 
cymbiformis.  In  many  cases  it  was  impossible  to  determine  whether  the 
margin  consisted  of  one  or  of  two  cycles;  A.,  cvmbiformis  and  B..  enormis 
were  then  recorded  as  one  taxon. 

Broinsonia  parca  (Stradner,  1963)  Bukry,  1969:  Because  of  the  small  size  of  the 
central  area  this  species  could  be  identified  consistently. 

Centosphaera  barbata  Wind  and  Wise  in  Wise  and  Wind,  1977 

Ceratolithoides  aculeus  (Stradner,  1961)  Prins  and  Sissingh  in  .Sissingh,  1977 

C..  kamptneri  Bramlette  and  Martini,  1964 

Ceratolithoides  sp.  1:  This  form  has  broad,  parallel  arms  that  touch  each  other 
in  many  specimens.  It  is  not  clear  whether  these  forms  are 
recrystallized  specimens  of  £..  kamptneri  or  of  Q.  aculeus.  or  whether 
they  represent  a  separate  taxon. 

Chiastozvgus  Gartner,  1968 

C..  amphipons  (Bramlette  and  Martini,  1964)  Gartner,  1968:  This  species  has  a 
fairly  wide  margin  which  does  not  display  sharp  extinction  lines  in 
cross-polarized  light.  The  central  X  consists  of  arms  that  arc  as  wide  as 
the  margin;  under  cross-polarized  light  the  arms  arc  divided 
lengthwise. 

C..  garrisonii  Bukry,  1969:  A  small  square  is  visible  at  the  central  juncture  of 
the  arms;  it  is  interpreted  as  the  base  of  a  central  stem  which  in  most 
cases  is  not  preserved. 
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Chiastozvgus  sp.  1:  This  taxon  is  characterized  by  a  narrow  margin  (compared 
to  C.-  amphiponst:  in  cross  polarized  light  well  defined,  strongly  curved 
extinction  lines  occur  in  the  margin.  The  central  crossbars  do  not 
intersect  at  one  point,  but  rather  form  a  distorted  H.  This  species  differs 
from  Q_.  amphipons  in  having  a  narrower  margin,  in  the  extinction 
pattern  of  the  margin,  and  in  the  fact  that  in  amphipons  the  central 
crossbars  form  a  perfect  X.  This  form  differs  from  Q.  garrisonii  in 
lacking  an  opening  at  the  intersection  point  of  the  crossbars. 

Corollithion?  completum  Perch-Nielsen,  1973 

Corollithion  exiguum  Stradner,  1961 

Cretarhabdus  Bramlette  and  Martini,  1964:  The  distinction  between  Q.  conicus. 
£..  crenulatus.  surirellus.  and  Cretarhabdus  sp.  1  is  based  on  the 
construction  of  the  central  area.  Species  identification  was  thus  not 
possible  when  the  central  area  was  incompletely  preserved.  On  the 
other  hand,  identification  of  £..  angustiforatus  and  of  C.-  schizobrachiatus 
was  still  possible  when  most  of  the  central  area  was  missing:  the  points 
where  the  central  arms  were  connected  to  the  margin  were  still 
recognizable.  Species  identification  was  possible  because  of  the 
characteristic  number  (eight  in  £_.  angustiforatus)  and  position  (groups 
of  three  in  C.-  schizobrachiatus)  of  these  points  on  the  margin.  Thus,  the 
forms  included  in  this  group  are  mostly  conicus.  C.-  crenulatus.  C.- 
surirellus  and  Cretarhabdus  sp.  1.  Because  distinction  between  these 
species  was  so  dependent  on  preservation.  these  four  species  and 
Cretarhabdus  spp.  were  added  and  treated  as  one  taxon  for  plotting 
purposes. 

Cretarhabdus  angustiforatus  (Black,  1971)  Bukry,  1973:  A  species  of 

Cretarhabdus  with  eight  radial  arms  in  the  central  area:  four  longer 
arms  are  aligned  with  the  ellipse;  the  other  four  arms  are  somwhat 
shorter  and  lie  at  an  angle  of  about  45°  to  the  ellipse  axes. 

C.-  conicus  Bramlette  and  Martini,  1964:  Included  in  this  species  are  forms  with 
more  than  one  row  of  central  perforations  (as  explicitly  stated  by 
Bukry,  1969),  i.e.  the  central  area  appears  to  be  covered  by  a  porous 
grid.  Cretarhabdus  conicus  may  have  a  central  cross  aligned  with  the 
ellipse  axes. 

CL-  crenulatus  Bramlette  and  Martini,  1964:  Like  surirellus.  this  species  has 
only  one  row  of  openings  in  the  central  area,  i.e.  its  central  area 
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appears  to  be  spanned  by  short  buttresses/rods.  The  relative  size  of  the 
central  area  was  used  to  distinguish  crenulatus  from  C..  surirellus.  In 
Q,.  crenulatus  the  diameter  of  the  central  area  is  smaller  than  or  equal  to 
the  width  of  the  margin  (measured  along  the  short  ellipse  axis).  In 
surirellus  the  diameter  of  the  central  area  is  larger  than  the  width  of 
the  margin. 

£.•  schizobrachiatus  (Gartner,  1968)  Bukry,  1969 

C.-  surirellus  (Deflandre,  1964),  Reinhardt,  1970:  see  comments  under 
crenulatus 

Cretarhabdus  sp.  1:  This  species  is  characterized  by  numerous  pores  in  the 

central  area  (similar  to  the  central  area  of  C.-  ehrenbergiil.  but  with  a 
margin  typical  of  Cretarhabdus.  It  was  observed  in  the  Millers  Ferry 
section,  in  Hole  690C  and  in  Hole  76 1C. 

Cribrosphaerella?  duriac  Perch-Nielsen,  1973 

Cribrosphaerella  ehrenbergii  (Arkhangelskii,  1912)  Deflandre  in  Pivetcau, 

1952:  Included  in  this  species  are  elliptical,  triangular,  as  well  as  almost 
circular  morphotypes. 

Cruciplacolithus  Hay  and  Mohler  in  Hay  et  al,  1967:  Rare  representatives  of 

this  genus  have  been  observed  in  the  uppermost  Maestrichlian  samples 
in  Hole  690C  where  they  are  considered  to  be  contamination  due  to 
bioturbation. 

Cvclagelosphaera  alta  Perch-Nielsen,  1979a 

C..  margerelii  Noel,  1965 

C..  reinhardtii  (Perch-Nielsen,  1968)  Romein,  1977 

Cvclagelosphaera  sp.  1;  In  size  and  extinction  pattern  this  species  is  similar  to 
C..  margerelii  but  in  brightfield  4  or  5  ridges  are  visible  radiating  from 
the  center  of  the  coccolith  and  extending  about  halfway  to  its 
periphery. 

Cvlindralithus  Bramlette  and  Martini,  1964 

C..  biarcus  Bukry,  1969 

C..  gallicus  (Stradner,  1963)  Bramlette  and  Martini,  1964:  Round  and  elliptical 
morphotypes  were  observed. 

C..  serratus  Bramlette  and  Martini.  1964:  Included  in  this  species  arc  all 

specimens  that  have  a  narrow  margin  in  comparison  to  C.-  gallicus. 

Cvlindralithus  sp.  1:  This  form  consists  of  wide,  thick,  numerous,  strongly 
overlapping  elements.  It  is  distinguished  from  C.-  gallicus  by  having 
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more  numerous  elements,  from  serratus  by  being  thicker.  In  cross 
polarized  light  this  forms  is  highly  birefringent,  blue  and  orange 
interference  colors  arc  characteristic.  Moncchi  (1985,  pi.  2,  figs.  6,  lOA, 
lOB)  illustrated  this  form  as  Cvlindralithus  sp. 

Discorhabdus  ignotus  (Gorka,  1957)  Perch-Nielsen,  1968 

Eiffellithus  parallelus  Perch-Nielsen,  1973 

E.  trabeculatus  (Gorka,  1957)  Reinhardt  and  Gorka  (1967) 

E.  turriseiffeli  (Deflandre  in  Deflandre  and  Pert,  1954)  Reinhardt  (1965):  The 
size  variation  within  this  species  is  considerable,  but  continuous. 

Ericsonia  Black,  1964 

Ericsonia  sp.:  Included  in  this  taxon  are  cirular  forms  with  a  large  central 
opening  with  white  to  light  yellow  interference  colors. 

Gartnerago  Bukry,  1969 

Gartnerago  spp.:  Thierstein  (1974)  used  the  number  and  arrangement  of  pores 
in  the  central  area  to  distinguish  between  (i.  segmentatus.  Q_.  obliquum. 
and  Q..  segmentatum.  but  he  reports  that  the  pores  get  easily  obliterated 
as  a  consequence  of  recrystallization.  This  observation  is  corroborated 
in  this  study.  As  a  consequence  it  was  not  possible  here  to  differentiate 
between  different  species. 

Glaukolithus  fessus  (Stover,  1966)  Perch-Nielsen,  1968 

Hexalithus  Gardet,  1955:  Forms  with  six  and  with  eight  rays  were  observed. 

Hornibrookina  Edwards,  1973 

Kamptnerius  magnificus  Deflandre,  1959:  Included  in  this  species  are  also  the 
perforated  forms  (K..  punctatus)  that  were  occasionally  encountered. 

Lapideacassis  Black,  1971  spp  indet:  Due  to  fragmentation  rigorous  and 
consistent  species  identification  was  impossible  in  this  genus. 

Lithastrinus  Stradner,  1962 

Lithastrinus  spp.:  I  have  assigned  to  this  genus  small  circular  forms  that 
usually  have  high  interference  colors  (orange-red). 

Lithraphidites  carniolensis  Deflandre,  1963 

L.  grossopectinatus  Bukry,  1969 

Lithraphidites  sp.  cf.  L.-  kennethii  Perch-Nielsen,  1984;  Specimens  included  in 
this  taxon  are  almost  as  wide  as  they  are  long,  resembling  L..  quadratus 
that  has  been  reduced  to  about  half  its  length  without  changing  the 
width. 

L.  praequadratus  Roth,  1978 
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L.  quadratus  (Bramlette  and  Martini,  1964)  Roth,  1978 

Lithraphidites  (?)  sp.  1:  This  form  is  tentatively  assigned  to  Lithraphidites. 
Under  the  light-microscope  it  consists  of  two  parallel  rods  which 
overlap  for  about  one  third  of  their  length.  The  overlapping  portions 
are  somewhat  thicker  than  the  parts  that  form  the  two  tips  of  this  form. 
Lucianorhabdus  cayeuxii  Deflandre  (1959);  Acuturris  scoius  is  also  included  in 
this  taxon.  Both  taxa  occurred  mostly  as  fragments  which  made 
consistent  species  identification  impossible. 

Manivitella  pemmatoidea  (Deflandre  ex  Manivit.  1965)  Thierstein,  1971 
Markalius  apertus  Perch-Nielsen,  1979 

M. .  inversus  (Deflandre  in  Deflandre  and  Fert,  1954)  Bramlette  and  Martini, 

1964 

Microrhabdulus  decoratus  Deflandre,  1959 

M.  beleicus  Hay  and  Towe,  1963 

Micula  murus  (Martini,  1961)  Bukry  1973 

M..  praemurus  (Bukry,  1973)  Stradner  and  Steinmetz,  1984 

Micula  sp.  cf.  M..  prinsii  Perch-Nielsen,  1979:  Micula  prinsii  s.  str.  is 

characterized  by  curved  arms  with  a  delicate,  terminal  bifurcation  that 
tends  to  recrystallize  and  overgrow.  Specimens  with  long,  curved  arms 
were  observed,  but  the  characteristic  bifurcation  at  the  tips  of  the  arms 
was  absent.  In  some  cases  the  tips  of  the  arms  were  thickened  and  of 
higher  birefringence  than  the  remainder  of  the  nannofossil,  possibly 
due  to  recrystallization  of  the  delicate  terminal  bifurcation. 

M..  staurophora  (Gardet,  1955)  Stradner,  1963 

Micula?  sp.:  Pospichal  and  Bralower  (1992,  pi.  4,  figs.  7,  8)  illustrate  this 
species:  the  fact  that  it  consists  of  four  crystals  and  its  extinction 
pattern  suggest  that  it  belongs  to  the  genus  Micula.  The  triangular 
outline  of  this  form  is  unusual  for  Micula.  It  was  encountered  only  at 
mid  and  low  latitudes,  its  stratigraphic  range  is  the  uppermost 
Maestrichtian  (approximately  the  M.-  murus  Zone). 

Misceomarginatus  Wind  and  Wise  in  Wise  and  Wind,  1977 
Misceomarginatus  pleniporus  Wind  and  Wise  in  Wise  and  Wind,  1977:  Species 
identification  of  Misceomarginatus  and  of  Monomarginatus  was  not 
consistently  possible  due  to  susceptibility  of  these  species  to  dissolution 
and  rccrystallization.  For  plotting  purposes  species  from  both  genera 
were  added  together. 
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Monomarpinatus  Wind  and  Wise  in  Wise  and  Wind,  1977 

Monomarpinatus  pectinatus  Wind  and  Wise  in  Wise  and  Wind,  1977 

M  ■  quaternarius  Wind  and  Wise  in  Wise  and  Wind,  1977 

Neocrepidolithus  Romein,  1979  spp  indet.:  Included  here  are  all  species  of 

Neocrepidolithus  that  were  encountered  in  the  immediate  vicinity  of 
the  K/P  boundary  (e.g.  il-  crassus.  H.  cruciatus.  etc).  Never  included  is  H. 
watkinsii. 

Neocrepidolithus  watkinsii  Pospichal  and  Wise,  1990 

Nephrolithus  frequens  Gorka,  1957:  Frequently  specimens  were  observed  with 
a  highly  birefringent  crystal  in  the  center  of  the  distal  side  of  the 
coccolith.  It  is  possible  that  this  bright  spot  was  caused  by  a  piece  of 
calcite  debris  lying  on  top  of  the  nannofossils;  this  is  improbable 
considering  that  the  "bright  spot"  occurred  consistently  in  the  center 
of  the  central  area.  Alternatively,  the  "bright  spot"  could  be  the 
expression  of  a  genuine  structural  feature,  like  a  knob  or  short  stem, 
similar  to  the  stems  observed  in  H.  corvstus.  Watkins  (1992:  pi.  4,  fig.  1) 
has  indeed  illustrated  H.  frequens  with  a  short  stem  in  material  from  the 
Kerguelen  Plateau. 

£L-  corystus  Wind,  1983 

Qctocvclus  magnus  Black,  1972 

Parhabdolithus  sp.  cf.  P.  embergeri  (NogI,  1958)  Stradner,  1963:  Specimens 
included  in  this  taxon  differ  from  £.  embergeri  in  lacking  a  clear 
bipartition  of  the  transverse  bar,  which  is  usually  massive  and  diamond 
shaped.  The  specimens  are  virtually  always  very  recrystallized,  with 
high  relief,  outline  of  individual  elements  never  discernible,  and  high 
interference  colors  (red,  blue).  The  openings  in  the  central  area  are 
often  completely  closed  due  to  overgrowth. 

Parhabdolithus  regularis  (Gorka,  1957)  Bukry,  1969 

Pervilithus  varius  Crux,  1981:  This  species  occurs  very  rarely  in  the  upper 

Maestrichtian  (tL-  frequens  Zone)  in  Hole  690C  and  upper  Maestrichtian 
M .  murus  Zone  in  Hole  217.  This  extends  the  range  originally  assigned  to 
this  species  (Santonian  to  Campanian;  Crux,  1981)  into  the  upper 
Maestrichtian. 

Petrarhabdus  copulatus  (Deflandre,  1959)  Wind  and  Wise  in  Wise  (1983): 

Phanulithus  obscurus  (Deflandre,  1959)  Wind  and  Wise  in  Wise  and  Wind 
(1977) 
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Placozvgus  fibuliformis  (Reinhardt,  1964)  Hoffmann,  1970 
E-  bussonii  Perch-Nicisen,  1968 

E-  sigmoides  (Bramleite  and  Sullivan,  1961)  Romein,  1979 

Placozvgus  sp:  This  species  was  illustrated  by  Pospichal  and  Bralower  (1992,  pi. 
4,  figs  11-12)  as  Zvgodiscus  sp.  The  basal  plate  and  the  flange  (sensu 
Aubry,  1988)  of  this  form  are  usually  present,  the  transverse  bar  in 
virtually  all  cases  absent.  The  basal  plate  is  quite  narrow.  The  flange  is 
always  well  developed  and  consists  of  strongly  overlapping,  distally 
flaring  elements.  The  sutures  in  this  cycle  are  easily  discernible  under 
the  light  micsroscope  (bright  field).  In  many  forms  it  appears  as  if  an 
additional  cycle  is  present  in  the  central  area,  adjacent  to  the  basal  plate 
and  the  flange,  usually  extending  all  the  way  around.  The  provenance 
of  this  cycle  is  unclear:  it  may  either  correspond  to  the  blocky  elements 
at  the  junction  of  transverse  bar  and  basal  plate  in  E-  sigmoides.  or  may 
be  an  artifact  of  recrystallization  and  overgrowth  of  the  basal  plate 
extending  into  the  central  opening.  The  size  of  this  species  is  quite 
variable;  it  is  fairly  common  in  the  Maestrichtian  at  middle  and  low 
latitudes. 

Prediscosphaera  arkhangelskvi  (Reinhardt,  1965)  Perch-Nielscn,  1984 
E-  cretacea  (Arkhangelsky,  1912)  Gartner,  1968:  Considerable  size  variation  is 
conspicuous  within  this  species.  It  did  not  appear,  however,  that  distinct 
size  classes  justify  the  separation  of  subspecies,  or  morphotypes.  A 
quantitative  study  may  be  necessary  to  investigate  this  isssue.  Round 
morphotypes  of  Prediscosphaera  were  included  in  this  species. 

E-  grandis  Pcrch-Nielsen,  1979 

E-  spinosa  (Bramlette  and  Martini,  1964)  Gartner,  1968 
E-  stoveri  (Perch-Nielsen,  1968)  Shafik  and  Stradner,  1971 
Prinsius  tenuiculum  (Okada  and  Thierstein,  1979)  Pcrch-Nielsen,  1984 
Psvktosphaera  firthii  Pospichal  and  Wise,  1990:  The  perforate  inner  central 

area  of  this  species  is  elliptical  and  has  a  granulate  appearance  in  cross 
polarized  light.  Some  specimens  were  encountered  in  which  the 
perforate  part  of  the  central  area  was  extremely  narrow. 

Quadrum  g^artneri  Prins  and  Perch-Nielsen  in  Manivit  ct  al,  1977 
Q..  trifidum  (Stradner  in  Stradner  and  Papp,  1961)  Prins  and  Pcrch-Niclscn  in 
Manivit  ct  al,  1977 

B.einhardtitc.&  aff.  anthophorus  Prins  and  Sissingh  in  Sissingh,  1977 


228 


E..  levis  Prins  and  Sissingh  in  Sissingh,  1977 

Rhagodiscus  Reinhardt,  1967  ■ 

Rhagodiscus  angustus  (Slradner,  1963)  Reinhardt,  1971  * 

R. .  reniformis  Perch-Nielsen,  1973  H 

E.-  splendens  (Deflandre,  1953)  Verbeek,  1977  I 

Rhagodiscus  sp.  1:  This  species  is  characterized  by  an  extremely  narrow 

central  area.  ■ 

Rhombolithion  rhombicum  (Stradner  and  Adamiker,  1966)  Black,  1973 

Rucinolithus  havi  Stover,  1966  I 

Scampanella  Forchheimer  and  Stradner,  1973 

S. .  asymmetrica  Perch-Nielsen,  1977  a 

S..  wise!  Perch-Nielsen  in  Perch-Nielsen  and  Franz,  1977  H 

Scapholithus  fossilis  Deflandre  in  Deflandre  and  Fert,  1954  _ 

Staurolithites  laffittei  Caratini,  1963  | 

Stephanolithion  Deflandre,  1939  spp  indet.:  Different  species  of  this  genus  are 

recognized  based  on  the  number  of  central  spokes  and  peripheral  H 

knobs.  In  less  than  well  preserved  material  the  central  spokes  are 
unrecognizable  and  the  knobs  on  the  outside  of  the  nannofossil  are  I 

partly  dissolved.  The  consistent  recognition  of  species  was  therefore 
impossible.  m 

Tegumentum  stradneri  Thierstein  in  Roth  and  Thierstein,  1972  H 

Teichorhabdus  ethmos  Wind  and -Wise  in  Wise  and  Wind,  1977 

Tetrapodorhabdus  decorus  (Deflandre  in  Deflandre  and  Fert,  1954)  Wind  and  | 

Wise  in  Wise  and  Wind,  1977 

Thoracosphaera  Kamptner,  1927  spp:  included  are  X-  operculata.  X  saxea  ■ 

Tranolithus  macleodae  (Bukry,  1969)  Perch-Nielsen,  1984:  includes  T.  minimus 
Tranolithus  phacelosus  Stover,  1966  ■ 

Vagalapilla  Bukry,  1969  " 

Watznaueria  barnesae  (Black  in  Black  and  Barnes,  1959)  Perch-Nielsen,  1968  m 

W.  biporta  Bukry,  1969  I 

Zvgodiscus  compactus  Bukry.  1969 

Z..  diplogrammus  (Deflandre  in  Deflandre  and  Fert,  1954)  Gartner,  1968  ■ 

Z.-  lacunatus  Gartner,  1968 

Zygodiscus  sp.  1:  This  is  a  small  form  of  Zvgodiscus?  with  a  cross  aligned  with  B 

the  ellipse  axes  spanning  the  central  opening.  Under  the  light 
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microscope  a  small  dark  spot  at  the  intersection  of  the  cross  arms  is  a 
very  distinct  feature. 
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APPENDIX  II 
DATA 

The  counting  results  are  listed  in  the  following  tables.  The  following 
abbreviations  are  used: 

Preservation:  G  -  good 

M  -  moderate 
P  -  poor 
PP-  very  poor 
Abundance:  A  -  abundant 

C  -  common 
R  -  rare 

Carbonate  content:  n.d.  -  not  determined 

An  asterisk  (*)  or  a  'P'  in  the  data  tables  indicates  that  this  taxon  was  observed 
at  this  level  during  the  additional  scanning  after  the  counts  were  performed. 
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Sample  Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

OOP  Hole  690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

Core  -  Section 

15-4 

15-4 

15-4 

15-4 

15-4 

15.4 

15-4 

15-4 

15-4 

cm  •  level 

38 

41 

43.5 

47 

50 

53 

56.5w 

S6.5b 

605 

Depth  (mbsO 

247.78 

247.81 

247.835 

247.87 

247.9 

247.93 

247,965 

247.965 

248.005 

Segmentation  rate  (m/m.y.) 

1,04 

13.2 

13.2 

13.2 

13.2 

13.2 

13.2 

13.2 

13.2 

Agi'  (Ma) 

66.390 

66.402 

66403 

66.406 

66.408 

66.411 

66.413 

66.413 

66.416 

Preservation  (G,  M,  P) 

M-P 

M 

M 

.M 

.M 

.M 

M-P 

M 

M 

Abundance  (A,  C,  R) 

C-A 

A 

A 

A 

A 

A 

A 

C-A 

A 

Fields  counted 

153.9 

992 

34 

174 

33 

32 

18 

28 

67 

Sediment  used  for  slide  (mg) 

20.1 

19.5 

19.9 

19.1 

19.7 

18.4 

19.1 

13.8 

19.9 

Carbonate  coraeni  (wt-%) 

49.8 

48.2 

51.5 

56.2 

67.9 

79J 

81.8 

83.1 

Beaker  Constant 

30 

3.0 

3.0 

3.0 

3  0 

3.0 

3.0 

3.0 

30 

AhfflueUeiclla  octoradiata  (and  P.  regularis) 

1 

4 

g 

4 

4 

8 

3 

6 

Aikhangelsldella  cymbiformis 

A.  cymbifoimis/specillata 

A.  spedllala 

35 

11 

12 

43 

16 

19 

5 

9 

30 

Biantholiihus  sparsus 

P 

P 

P 

Biscuium  boletum 

B.  constant 

45 

16 

5 

25 

6 

P 

1 

2 

B.  ooronum 
B.  dissimiLs 

B.  magnum  .  .  . 

B.  notaculum 
Biscutum  sp.  1 
Bisouum  sp.  2 
Broinsonia  sp.  cf.  B.  bevieii 
Bfoinsonia  spp. 

Cemosphaera  baibala 
Quaslozygus  amptupons 

C.  ganisonii 

Quaslozygus  sp.  1  ......... 

Cittartutbdus  conicus  ....  I  ...  . 

C.  ctenulatus 

C.  suriiellus  ......... 

Cietaihabdus  sp.  1  ........ 

Creiaihabdus  spp.  12  7  3  20  S  4  3  s  lO 

Cribrosphaeiclla  (7)  daniK  7  to  9  26  7  5  16  9  14 

CribiosphaercUa  ehienbergii  522  I2  23S36 

Cniciplacoliihus  spp. 

Cycl^gelosphaera  spp.  ...... 

Cylindnliihis  spp. 

Discoitiabdus  ignoius 

EifleUithus  trabeculaius  ......... 

E.  UinisdRieli  I  p  i  3  2  p  3  i  6 

Gattnerago  spp.  i  .  I  2  i  i  i  .  3 

Glaukoliihus  fessus  3  2  4  9  4  i  s  1  8 

Homibiookina  spp.  3  .  .  .  P  i  .  .  . 

Kamptnerius  magnificus  40  i3  is  40  21  18  10  14  27 

Lapideacassis  spp.  ...... 

Lithraphidites  canuolensis 

Ludanoihabdus  cayeuxii  23  6  2  26  10  12  is  8  38 

MaikaUus  inversus  S  4  3  13  P  2  i  i 

Microihabdulus  decoratus 

Micula  stauiophora  6  i  .  i  .  .  .  .  i 

Mitceomarginaius  pleniponis 
MisceomaiginMus  sp. 

Monomarginatos  pectinaius  ........ 

M.  quateniarius 
Monomarginatus  sp. 

Misceomaiginatus/Mononuuginauis  sp 
NeocrepidoHihus  watJdnsii 

NeocrepidoUthus  spp.  18  s  2  12  2  P  .  i 

Nephroliihus  corystus 

N.  6equem  79  33  42  1S6  Si  51  79  58  137 


Octocycius  magnus 
Phanuliihus  obscunts 


Sample  Number 

1 

2 

OM>Hole690C 

690C 

690C 

Core -Section 

15-4 

15-4 

cm  -  level 

38 

41 

Depth  (mbsf) 

247.78 

247.81 

Placozygus  hussonii 

P.  fibulifoimis 

1 

P 

P.  agmoidea 

Placozygus  <p. 

52 

19 

Predisoosphaen  arldiangelskyi 

P.  cretaoea 

36 

20 

P.  spinosa 

Psykiosphaeta  fiithii 

Quadrom  gaitneri 

Reinhardtites  spp. 

Rhagodiscus  anguaus 

Rhagodiscus  spp. 

Rhombolithion  ihombicum 
Scampanella  asymmetiica 

S.  wisei 

2 

Scampanella  spp. 

Scapholithus  fossilis 

Staurobthites  laffittei 

Teichortiabdus  ethmos 

P 

Thoraoosphaera  spp. 

Vagaliqpilla  spp. 

Waiznaueria  bamesae 

5 

16 

1 

Zygodiscus  compactus 

TL  diplogrammus 

Unkkaitifiable 

6 

5 

Total  (exclusive  of  P.  stoveri): 

383 

174 

Ptedisoosphaeia  stoveri 

366 

148 

Total  of  P.  aoveri  -  oount($) 

750 

322 

P.  noveri.  fields 

153.9 

992 

3 

4 

5 

6 

7 

8 

9 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

15.4 

15-4 

15-4 

15-4 

15-4 

15-4 

15-4 

43.5 

47 

50 

53 

56.5W 

56Jb 

60.5 

247.835 

247.87 

247.9 

247.93 

247.%5 

247.965 

248.005 

P 

9 

80 

5 

1 

1 

16 

5 

29 

6S 

19 

18 

19 

18 

35 

2 

14 

1 

P 

6 

4 

4 

3 

44 

3 

3 

1 

4 

3 

1 

8 

3 

1 

2 

4 

3 

8 

4 

18 

5 

5 

5 

3 

9 

153 

625 

169 

150 

186 

162 

353 

190 

187 

192 

199 

169 

178 

518 

343 

345 

361 

351 

355 

340 

871 

34 

42 

33 

32 

18 

28 

67 

233 


Sample  Number 

to 

11 

12 

13 

14 

IS 

16 

17 

18 

19 

20 

21 

Hole 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

Core -Section 

15-4 

15-4 

15-4 

15-4 

15-4 

15-4 

15-4 

15-4 

15-4 

15-4 

15-4 

15-4 

cm -level 

62 

64 

67 

70 

73 

76 

79 

825 

85 

88 

92 

95 

Depth  (mbfO 

24S.02 

248.04 

248.07 

248.1 

248.13 

248.16 

248.19 

248.225 

248.25 

248.28 

248J2 

248JS 

Sed.  nte  (m/m.y.) 

\32 

13.2 

13.2 

13.2 

13.2 

13.2 

13.2 

13.2 

13.2 

13.2 

13.2 

13.2 

Age(Ma) 

66.417 

66.419 

66.421 

66.423 

66.426 

66428 

66.430 

66433 

66.435 

66437 

66.440 

66442 

Pres.(G.M.P) 

M 

M 

M 

M 

M-G 

M 

M-G 

PP 

P-M 

M 

M-P 

M-G 

Abund.(A.C.R) 

A 

A 

A 

A 

A 

A 

A 

C 

C-R 

A 

A-C 

A-C 

HeMs  counted 

22 

25 

23 

25 

24 

21 

19 

49 

46 

19 

42 

34 

mgaediment 

20.4 

19.7 

21.6 

19.5 

22.1 

20.4 

19.2 

19.8 

18.4 

19.7 

19.4 

18.9 

Caibofiate  (wt-%) 

83.7 

83.3 

81.3 

87.5 

823 

86.1 

85 

83.8 

79.8 

84.4 

87 

88.9 

Beaker  Constant 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

A.  octoradiata 

1 

2 

6 

4 

5 

2 

1 

2 

2 

3 

A.cymbifonnis 

IS 

19 

16 

18 

20 

10 

7 

17 

21 

8 

18 

9 

A.  cymbifVspedll. 


B.  fpanus 
B.  boletom 

B.  consuni  2 

B.  coronum 
B.  dissiinilis 
B.  magnum 
B.  notaculum 
Biscutum  sp.  1 
Biscutum  sp.  2 

B.  cf  bevioi 
Broinsonia  spp. 

C.  barfaaia 

C.  am  phi  pom 
C.  garriaonii 
Chiaatozygut  sp.  1 
C  oonictta 
C.  crenilatua 
C.  suiiieUua 
Crelaitiabdua  sp.  1 
Cietartiabdua  app.  6 

C.  daniae  12 

C.  ehrenbogii  I 

Cniciplacoliihus  spp. 
Cydagelosph.  spp. 
Cylindnliihus  spp. 

D.  ignotus 

E.  trabeculaius 

E.  tuniadfreli  I 

Gannengo  app. 

G.  feaaua  i 

Homibrookina  app.  i 

K.  magnificus  23 

Lapideacassis  spp. 

L.  camioienais 

Lcayeuxii  17 

M.  invenua  I 

M.  deooratus 

M  staujophoia 
M.  pleniporua 
Miaceomarg.  sp. 

M.  pectinatua 

M.  quauniarius 
Monomarg.  sp. 
Miaceo/Monomg  sp. 

N.  waildnn 

NeocrepidoL  spp.  i 

N.  oofyslua 

N.  frequens  65 

O.  magnua 

P.  obscunis 


1 

1 

2 

6 


14 


1 


40 


2 


P  2 


I 


2  IS  2 
16  7  7 
5  1  2 


5  2 

6  9 

5  9 


4 

6 

4 


12  5  5  7 
7  16  9  5 
12.1 

P  .  .  . 


1 


4  6.53 

2  3  3.2 

9  4  16  2 

It  20  25  16  17 


1 

1 

1  P 

I  P 

19  21 


6  2  4 

P  2  4 

6  1 

25  12  II 


19  21 

I 


29 

1 


9  19  21 

1 


49  37  39  2S 

3  .  .  . 

1 

1 


70 


59 


73  66  43  41 


42 


1 

33 


46 


Sample  Number 

10 

11 

12 

13 

14 

IS 

16 

17 

18 

19 

20 

21 

H<de 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

Cor 'Section 

15'4 

15-4 

15-4 

15.4 

15.4 

15-4 

15-4 

15-4 

15-4 

15-4 

15-4 

15-4 

cm 'level 

62 

64 

67 

70 

73 

76 

79 

82J 

85 

88 

92 

95 

DeDlh  (mbsf) 

248.02 

248.04 

248.07 

248.1 

248.13 

248.16 

248.19 

248.225 

248.25 

248.28 

248.32 

248.35 

P.  busaoim 

P.  fibuUfonnis 

P.  agmoides 

1 

1 

3 

P 

3 

Plaoozygus  ip. 

P.  aildiangelilcyi 

P.  cretacea 

20 

26 

23 

21 

17 

19 

26 

14 

19 

24 

17 

17 

P.  spinosa 

P.  firthii 

1 

1 

3 

2 

1 

6 

2 

2 

4 

2 

Q.  gaitneri 
Reinhardtites  spp. 

R. angaaut 
Rhagodiiait  ipp. 

R.  ihombicum 

S.  asymmelrica 

S. wisei 

Scampanella  spp. 

S.  foatilis 

S.  laffittei 

T.  ethfflos 

2 

Thoraoosph.  spp. 
Vagalapilla  spp. 

W.  bamesae 

2 

1 

2 

1 

2 

1 

2 

1 

1 

4 

7 

1 

2 

1 

1 

1 

3 

Z.  compactus 

Z.  diplogrammus 
Unidenlifiable 

1 

4 

4 

4 

5 

2 

1 

7 

3 

5 

6 

4 

Total  (excl.  P.  stov.) 

173 

133 

205 

187 

160 

174 

177 

140 

188 

184 

151 

148 

P.  stoveri 

175 

203 

226 

189 

178 

215 

148 

175 

158 

160 

174 

171 

Total  (P.  aov.oount) 

348 

338 

431 

376 

338 

389 

325 

315 

346 

344 

325 

319 

P.  aovoi,  fields 

22 

25 

23 

25 

24 

21 

19 

49 

46 

19 

42 

34 

235 


Sample  Number 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

Hole 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

Core  -  Section 

15-4 

15-4 

15-4 

15-4 

15-4 

15-4 

15-4 

15-4 

15-4 

15-4 

15-4 

15-5 

cm  -  level 

98 

lOO-lOI 

103-104 

106-107 

llO-Ill 

113-114 

118 

121 

129 

140 

149 

3 

Dq>ih  (mbsO 

248J8 

248.4 

248.43 

248.46 

2483 

24833 

24838 

248.61 

248.69 

248.8 

248.89 

248.93 

Sed  me  (m/m.y.) 

13.2 

13.2 

13J 

13.2 

13.2 

133 

13.2 

133 

133 

133 

13.2 

133 

Age(Ma) 

66.445 

66.446 

66.448 

66.451 

66.454 

66.456 

66.460 

66.462 

66.468 

66.476 

66.483 

66.486 

Pies.(G.M.P) 

M 

M 

M-P 

M-P 

M 

M-G 

M 

M-P 

M-P 

PP 

PP 

M-P 

Abund.(A.C.R) 

A-C 

A 

A 

C-A 

C-A 

A 

A 

A 

A 

R-C 

R-C 

A 

Helds  counted 

47 

43 

30 

47 

36 

16 

34 

103.7 

44 

2333 

101 

113 

mg  sediment 

20.1 

19.3 

20.4 

18.7 

19.5 

193 

18.9 

19.1 

183 

18.2 

204 

20.0 

Catbonaie  (wt-%) 

85.9 

86.9 

90.2 

883 

86.2 

84.9 

87.7 

863 

84.8 

833 

81.8 

83.8 

Beaker  Constant 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

A.  octoradiata 

1 

5 

I 

1 

P 

2 

2 

1 

9 

A.cymbifoniiis 

24 

24 

6 

13 

22 

14 

13 

54 

IS 

63 

30 

20 

A.  cymbifyqiecill. 

A.  qwdllau 

B.  ipaisus 
B.  iKdeUiin 


B.  oonsuni 
B.  oonmum 


P  P  1  1 


B.  dissiniilit 


B.  magnum 
B.  notaculum 
Biscutum  sp.  1 
Biscatum  ap.  2 

B.  cfbevieri 
Broinsonia  tpp. 

C.  barbata 

C.  amphipons 
C.  ganisonii 
Onaatozygus  sp.  1 
C.  oonicus 
C.  crenulatus 
C.  satireUus 
Cieiattiabdus  sp.  1 
CieUnhabdus  spp.  7 
C.  daniae  6 

C.  ehrmbergii  3 

CniciplacoUthus  spp. 
Cydagelosph.  spp. 
CylindFslithus  spp. 

D.  ignocus 

E.  Uabeculatus 

E  tnmseifrdi  2 

Gaitnciago  spp. 

G.  fessus  I 

Hoimbrooldiia  spp. 

K.  magnificus  I9 

Lapidncassis  spp. 

L.  camiolensis 

L  caytuxii  4S 

M.  invenas 
M.  deooiatus 
M.  staurophoim 
M.  plenipanis 
Miaceomaig.  sp. 

M.  pectinaius 

M.  <|uateniarius 
Monomarg.  sp. 
Misceo/Monomg  sp. 

N.  watldnsii 
Neocrepidol.  spp. 

N.  corystus 

N.  fre^cns  33 

O.  magnus 

P.  obscums 


9 

8 

5 


4 

1 

P 

16 


46 


54 


5  4 

12  8 

3  4 


1  3 

P  I 

8 

10  21 

25  58 


2 


65  37 


12 

6 

I 


5 

10 

5 


I 

4 

1 

14 


53 


3 

1 

5 

20 


19 


57 


29 


P 

1 

1 

16 


43 


23 

10 

14 


85 


34 


148 


22 

5 

1 


26 

17 

22 


1 

30 


47 

I 


P 

74 


131 

I 


21 


63 


7 

2 

17 

37 


63 


33 


88 


35 


125 


236 


Sample  Number 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

Hole 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

Core -Section 

15-4 

15-4 

15-4 

15-4 

15-4 

15-4 

15-4 

15-4 

15-4 

15-4 

15-4 

15-5 

cm  -  level 

98 

100-101 

103-104 

106-107 

110-111 

113-114 

118 

121 

129 

140 

149 

3 

24gJ8 

248.4 

248.43 

248.46 

248.5 

248.53 

248.58 

248.61 

248.69 

248.8 

248.89 

248.93 

P.  bussonii 

P.  fibuUformis 

P 

P 

P 

2 

1 

1 

P 

P.  sigmoidea 
Placozygus  sp. 

1 

1 

7 

P.  arkhangelskyi 

P.  cietacea 

28 

17 

22 

21 

24 

22 

14 

68 

22 

60 

21 

61 

P.  spinoia 

P.  finhii 

2 

7 

2 

2 

P 

P 

2 

2 

26 

Q.  gaitneri 
Reinhardtitea  app. 

R.  anguatua 
Rhagodiacna  app. 

R. itiombicum 

S.  asymmetrica 

S.  wisei 

P 

Scampanella  app. 

S.  fossilis 

S.  lafliuei 

T.  ethmos 

1 

P 

Thoracosph.  app. 
VagalapiUa  app. 

W.  batneaae 

P 

2 

10 

2 

1 

P 

2 

9 

21  compaaua 

Z.  diplogrammua 
Unidiauifiable 

3 

3 

5 

8 

3 

10 

4 

21 

3 

13 

6 

16 

Total  (excl.  P.  atov.) 

171 

193 

184 

186 

199 

150 

135 

520 

168 

472 

196 

458 

P.  atoveii 

186 

222 

221 

200 

153 

178 

189 

192 

157 

134 

110 

181 

Total  (P.  atov.count) 

357 

415 

405 

386 

352 

328 

324 

345 

325 

301 

306 

312 

P.  atoveri,  fields 

47 

43 

30 

47 

36 

16 

34 

44 

44 

80 

101 

34 

237 


Sample  Number 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

H<de 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

Core-Section 

IS-S 

15-5 

15-5 

15-5 

15-5 

15-5 

15-5 

15-5 

15-5 

15-5 

15-5 

15-5 

cm  -  level 

11-12.0 

22-23 

31 

39-40 

49-50 

60-61 

70-71 

79-80 

90-91 

101 

110-111 

120 

Depth  (mbsf) 

249.01 

249.12 

24921 

249.29 

24929 

2492 

249.6 

249.69 

249.8 

249.91 

250 

250.1 

Sed.  late  (m/m.y.) 

13J 

13.2 

132 

132 

13.2 

132 

132 

13.2 

13.2 

13.2 

13.2 

132 

Age(Ma) 

66.492 

66.501 

66.507 

66.514 

66221 

66229 

66.537 

66244 

66252 

66.560 

66267 

66l575 

Pres.(G.M.P) 

M 

M-G 

M-P 

M-G 

M-G 

M-G 

M 

M-P 

M-P 

M 

M-P 

M-P 

Aboiid.(A.C.R) 

C 

A 

C 

A 

A 

A 

A 

C-R 

C 

A 

C-A 

A-C 

Helds  counted 

175.2 

22 

86.9 

51.7 

32 

30 

30 

97.6 

99.2 

97.2 

119.8 

762 

mgsedimesu 

20.7 

18.9 

19.4 

20.0 

20.6 

20.2 

19.9 

18.4 

19.5 

202 

19.4 

18.9 

Carbonate  (wt-%) 

82.4 

83.6 

822 

80 

80.7 

862 

85.7 

882 

88.7 

90 

88.2 

81.1 

Beaker  ConstaiU 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

2.7 

3.0 

3.0 

3.0 

3.0 

A.  octoradiata 

6 

2 

1 

7 

2 

2 

P 

5 

5 

14 

10 

A.cymbifonnis 

83 

13 

33 

28 

22 

24 

19 

21 

22 

30 

31 

38 

A.  cyinbifyq>ec>ll. 
A-tpedUaU 

B.  ipamu 
B.  Metum 


B.  oonsuns 
B.  coronum 


P 


P 


B.  diumulit 


B.  magnam 

B.  nouculum  ? 


Biscutom  q>.  1 
Bisciuum  sp.  2 
B.  cfbevieri 


Broinsonia  ipp. 

C.  barbata 
C.  amphipons 
C.  ganisonii 
Qnaaozygus  sp.  1 
C.  oomau 
C.  oenulatot 
C.  suriiellas 
CieUriiabdus  sp.  1 
Cieiaihabdiu  spp.  39 

C.  dsniae  S 

C.  chrenbMgii  17 

Cnidplacotithiis  spp. 


Cydagelo^ih.  spp. 
Cyiindnliihus  spp. 

D.  ignotus 
E  tiabeculatus 
&  luiiseifreli  P 

Gartnerago  spp.  2 

G.  fessus  1 

Honubrooidra  spp. 

K.  magnificus  101 

Lapideacassis  spp. 

L.  camioletisis 

L.  cayeoxii  132 

M.  inversus 

M.  deoontus  1 

M.  staurophora  3 

M.  pienipoins 
Misceomaig.  sp. 

M.  pectinatus 
M.  quaiemaiius 
Monomaig.  sp. 


Misceo/Monomg  sp. 

N.  watidnsii 
NeocrepidoL  spp. 

N.  coiystus 

N.  freipiens  Ml 

O.  magnus 

P.  obscunu 


P 


11 

11 


5 

1 

16 


14 


1 


77 


P 

P 

P 

P 

2 

21 

7 

18 

18 

19 

16 

17 

40 

28 

6 

28 

17 

18 

8 

36 

22 

38 

38 

30 

4 

28 

5 

6 

8 

11 

7 

2A 

15 

25 

7 

P 

4 

4 

5 

1 

2 

5 

1 

5 

10 

22 

3 

4 

3 

13 

11 

6 

2 

5 

4 

3 

1 

17 

4 

4 

1 

13 

4 

11 

19 

38 

r. 

34 

39 

35 

15 

27 

45 

38 

55 

30 

62 

74 

77 

46 

55 

72 

107 

120 

120 

91 

98 

P 

1 

P 

3 

5 

2 

2 

7 

7 

3 

8 

64  124  74  101 


98 


202  110  178 


152  146 


238 


Sample  Number 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

Hole 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

Core -Section 

IS-S 

15-5 

15-5 

15-5 

15-5 

15-5 

15-5 

15-5 

15-5 

15-5 

15-5 

15-5 

cm  -  level 

11-12.0 

22-23 

31 

39-40 

49-50 

60-61 

70-71 

79-80 

90-91 

101 

110-111 

120 

249.01 

249.12 

249.21 

249.29 

249.39 

249.5 

249.6 

249.69 

249.8 

249.91 

250 

250.1 

P.  bussonii 

P.  fibuHfoimis 

1 

P 

P 

2 

1 

2 

2 

3 

19 

41 

P.  sigmoidea 

P 

2 

P 

1 

1 

1 

Plaoozygus  fp. 

P.  arUungelslcyi 

P.  cretaoea 

80 

37 

27 

71 

46 

42 

35 

75 

63 

70 

66 

58 

P.  spinoaa 

P.  finhii 

6 

13 

2 

24 

17 

12 

6 

32 

7 

36 

50 

49 

Q.  gaiineh 
Reinhardiiies  spp. 

R.  nguaus 
Rhagodiacns  spp. 

R.  ihombicum 

S.  asymmeiiica 

S.  wisea 

P 

P 

P 

Scampanella  spp. 

S.  fonilis 

S.  laffittei 

P 

P 

P 

P 

1 

1 

T.  ethmoa 
Thocaoosph.  spp. 
Vagaltpilla  spp. 
W.bamesae 

1 

3 

6 

2 

3 

2 

7 

6 

23 

8 

Z.compactu8 

Z.  diplogrammus 
Unidentifiable 

1$ 

3 

4 

10 

5 

4 

4 

20 

11 

13 

22 

11 

Total  (excl.  P.  aov.) 

634 

207 

256 

488 

294 

329 

315 

609 

432 

624 

629 

676 

P.  ttoven 

297 

172 

145 

166 

188 

314 

269 

189 

151 

176 

220 

254 

Total  (P.  aov  .count) 

931 

379 

401 

318 

482 

646 

585 

352 

310 

341 

433 

495 

P.  aoveri,  fiekis 

101.4 

22 

86.9 

17 

32 

30 

30 

30 

43 

30 

32 

30 
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Sample  Number 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

Hole 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

Coie-Section 

15-5 

15-5 

15-5 

15-6 

15-6 

15-6 

15-6 

15-6 

15-6 

15-6 

15-6 

15-6 

cm -level 

130-131 

140-141 

150 

4. -5 

10 

20 

30-31 

4041 

5051 

59-60 

70 

80 

Depth  (mbtf) 

2502 

250J 

250.4 

250.44 

2502 

2506 

250.7 

250.8 

250.9 

250.99 

251.1 

251.2 

Sed  me  (m/m.y.) 

13.2 

13.2 

132 

132 

13.2 

132 

132 

13.2 

132 

132 

13.2 

13.2 

Age(Ma) 

66.5(2 

66390 

66.598 

66601 

66.605 

66613 

66.620 

66628 

66.635 

66642 

66.651 

66.658 

Piet.(G.M.P) 

M 

M-P 

M 

M-P 

P 

M-G 

G 

M-G 

M 

M 

M 

M-G 

Abuiid.(A.C.R) 

A 

A-C 

A 

A 

C-A 

A 

A 

A 

A 

A 

A 

A 

HeMt  oounied 

41  ■> 

84 

27 

61.6 

100 

52.8 

30 

552 

40.1 

64.7 

43.6 

30 

mgtediiiient 

20.5 

18.5 

202 

19.9 

19.6 

18.9 

19.6 

182 

193 

20.1 

17.1 

20.0 

Carbonate  (wt-%) 

77.2 

77.6 

78.6 

793 

782 

78.4 

78.1 

79 

768 

73.8 

75.5 

76.4 

Beaker  Ccnttant 

27 

3.0 

3.0 

3.0 

3.0 

2.7 

3.0 

3.0 

3.0 

2.7 

3.0 

3.0 

A.  octondiata 

5 

9 

4 

23 

13 

19 

13 

23 

23 

11 

10 

11 

A.cymbifonnit 

53 

36 

IS 

48 

84 

36 

29 

24 

20 

31 

40 

24 

A.  cymbifyspecill.  ......... 

A.  iprdllo  ......... 

B.  spanus  ......... 

B.  boletam  ......... 

B.  oonsuns  ......  P  .  ? 

B.  ooronum  ......... 

B.  dissimilis  ........ 

B.  magnum  ......... 

B.  notacuhim  ......... 

Bisctttum  tp.  1  ......... 

Biscnuim  ip.  2  ......... 

B.  cfbevieri  ......... 

Brainsonia  spp.  ......... 

C.  barbata  ......... 

C.  amphipoiif  ......... 

C.  gamtonii  ......... 

Qnaaozygui  ip.  1  . 

C.  oonicus  .  P  .  P  .  .  .  .  ? 

C.  aenulauis  ......... 

C.  wtiicUui  ......... 

Cietarhabdus  tp.  1  . 


Cieiaihabdus  tpp. 

21 

40 

9 

23 

23 

16 

12 

11 

16 

25 

IS 

9 

C.  daniae 

38 

37 

16 

34 

25 

43 

30 

32 

27 

31 

38 

22 

C.  ehrcnbetgn 

20 

31 

17 

18 

12 

9 

10 

7 

19 

15 

6 

9 

CniciplacoUihut  tpp. 

7 

Cydagelotph.  tpp. 

2 

Cylindralilhut  tpp. 

D.  ignotnt 

1 

1 

E.  tiabeculaint 

R  luiriteifreli 

17 

13 

9 

24 

7 

7 

3 

5 

5 

4 

3 

4 

Gaitnengo  tpp. 

7 

3 

2 

3 

3 

9 

3 

5 

3 

5 

6 

5 

G.  fettut 

18 

30 

12 

42 

20 

41 

16 

35 

38 

25 

18 

20 

Homibrookina  tpp. 

K.  magnificat 

47 

41 

19 

49 

68 

72 

44 

76 

72 

109 

76 

74 

Lapideacastit  tpp. 

L.  camidentit 

7 

L  cayeuxii 

75 

54 

13 

34 

25 

5 

1 

4 

3 

1 

2 

1 

M.  invetiut 

1 

1 

2 

M.  deooniut 

1 

1 

1 

1 

M  ttaurophoia 

5 

17 

4 

6 

10 

1 

2 

M.  plenipofas 
MiiwonMig.  tp. 

M.  peciinatut 

M.  quatonarint 
Mononiarg.  tp. 
Miaoeo/Monomg  tp. 

N.  watidntii 
Neoaepidol.  tpp. 

N.  oorytou 


N.  frequent 


O.  magnut 


P.  obicunit 
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Sample  Number 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

Hole 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

Cor -Section 

15-5 

15-5 

15-5 

15-6 

15-6 

15-6 

15-6 

15-6 

15-6 

15-6 

15-6 

15-6 

cm  -  level 

I30-I31 

140-141 

150 

4.-5 

10 

20 

30-31 

4041 

50-51 

59-60 

70 

80 

DecthCmbsf) 

23a2 

2503 

250.4 

250.44 

250J 

250.6 

250.7 

250.8 

250.9 

250.99 

251.1 

251.2 

P.  botsonh 

P.  fibolifoiniis 

19 

24 

8 

23 

30 

27 

12 

30 

24 

22 

11 

18 

P.  sigmoidea 
Phoozygusfp. 

P.  aildiangelikyi 

1 

1 

1 

2 

1 

1 

P.  CRiacea 

79 

55 

34 

62 

68 

47 

45 

74 

86 

144 

115 

84 

P.  qnnoia 

P.  fiithii 

Q.  gaitneri 
Reinhardtiiea  spp. 
R-angustus 
Rhagodiscus  spp. 

R.  ihombicum 

S.  asymmeirica 

S.  wisei 

35 

42 

26 

73 

11 

45 

1 

31 

40 

40 

33 

26 

17 

Scampanella  spp. 

S.  foKilis 

S.  laffittei 

T.  ethmos 
Thoraoosph.  spp. 

P 

1 

2 

6 

2 

1 

1 

4 

Vagal^rilla  spp. 

3 

11 

1 

10 

4 

5 

9 

6 

7 

2 

5 

3 

W.bamesae 

1 

Z.oompactus 

Z  di{riogrammas 
Unitfeniifiable 

9 

21 

12 

19 

33 

19 

12 

18 

20 

19 

11 

11 

Total  (excl.  P.  stov.) 

568 

601 

269 

620 

536 

562 

361 

502 

535 

692 

549 

457 

P.  stoveri 

424 

233 

139 

222 

187 

314 

298 

352 

413 

313 

354 

428 

Total  (P.  stov  .count) 

829 

474 

410 

462 

329 

644 

659 

602 

802 

567 

715 

885 

P.  stoveri.  fields 

30 

30 

27 

30 

35 

30 

30 

30 

30 

30 

30 

30 
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Sample  Number 

s« 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

Hole 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

Core -Section 

is-« 

15-6 

15-6 

15-6 

15-6 

15-6 

15-6 

15-7 

15-7 

15-7 

15-CC 

15-CC 

cm  -  level 

90-91 

101 

110-111 

120-121 

130-131 

140-141 

149-150 

10 

20-21 

30 

8 

19-20 

Depth  (mbs!) 

231.3 

251.41 

2512 

251.6 

251.7 

251.8 

251.89 

252 

2521 

2522 

25233 

25244 

Sed.  rate  (m/m.y.) 

132 

13.2 

132 

132 

13.2 

132 

13.2 

13.2 

132 

13.2 

7.5 

72 

Age(Ma) 

66.666 

66.674 

66681 

66.688 

66.696 

66.704 

66.710 

66719 

66.726 

66734 

66.747 

66.761 

Prei.(G.M.P) 

M-<3 

M-G 

M 

M 

M 

M 

M-G 

M 

M 

M-P 

M 

M-G 

Abund.(A.C.R) 

A 

A 

A-C 

A 

A 

A 

A 

A 

A 

C 

A 

A 

Helds  counted 

30 

30 

30 

30 

30 

30 

30 

30 

35.6 

692 

30 

39.7 

mg  sediment 

1S.9 

20.0 

192 

202 

18.7 

192 

19.1 

192 

19.8 

20.9 

19.5 

16.8 

Catbonate  (wt-%) 

78 

83.2 

83.6 

80.4 

826 

842 

85.9 

86.9 

86.9 

89.1 

87.2 

88.4 

Beaker  Constant  3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

2.7 

3.0 

3.0 

27 

2.7 

A.  octoradiata 

12 

14 

11 

9 

17 

2 

12 

3 

10 

20 

14 

11 

A.cymbiformis 

41 

18 

22 

18 

34 

21 

24 

34 

43 

41 

21 

29 

A.  cymbifVspecill.  ....... 

A.  ipedllau  ....... 

B.  tpamu 

B.  boletum  ....... 

B.  oonstans  ....... 

B.  oofX)num  ....... 

B.  dissimiUs  ....... 

B.  magnum  ....... 

B.  notaculum  ....... 

Biscutum  sp.  1 
Biscutum  sp.  2 

B.  cf  bevieri  ...... 

Broinsonia  spp.  ....... 

C.  barbata  ....... 

C.  amphipons  .... 

C.  garrisonii  ....... 

Quasiozygus  sp.  1  . 

C.  oonicus  ......  1 

C.  aenulatus  ....... 

C.  wiiieUus  ....... 

Cictarhabdus  sp.  1  . 


Cictaihabdus  spp. 

14 

11 

12 

7 

19 

13 

15 

6 

11 

3 

4 

16 

C.  daniar. 

52 

32 

29 

35 

44 

51 

46 

42 

56 

67 

55 

54 

C.  ehrenbeigii 
Ciuciplacoliihus  spp. 
Cyclagelosph.  spp. 
Cylindialiihus  spp. 

12 

5 

4 

4 

13 

14 

4 

3 

8 

9 

10 

13 

D.  ignotus 

E.  trabeculatus 

E  tuniseifreli 

8 

3 

1 

3 

3 

5 

7 

20 

16 

20 

5 

11 

Gaitnerago  spp. 

7 

1 

1 

5 

4 

6 

7 

5 

9 

8 

9 

8 

G.  fessus 

Homibrooldna  spp. 

14 

20 

12 

17 

15 

13 

16 

7 

17 

18 

10 

10 

K.  magnificus 
Lapideacassis  spp. 

90 

38 

60 

68 

78 

64 

86 

76 

75 

90 

74 

94 

E  caniiolensis 

L  cayeuxii 

1 

1 

1 

1 

1 

1 

3 

P 

5 

M.  invenus  ........ 

M.  deconaus  .  i  .  1  i  .  i  1 

M.  staurophoia  .  i  .  .  .  .  i  . 

M.  pleniponis  ........ 

Misceomarg.  sp.  ........ 

M.  pectinatus  ........ 

M.  quatetnarius  ........ 

Monomarg.  sp.  ........ 

Misceo/Monomg  sp.  .......  . 

N.  waddnsii  ........ 

NeocrepidoL  spp.  ........ 

N.  corystus  ........ 


N.  frequens 

O.  magnus 


P.  obsoinis 
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Sample  Number 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

H(de 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

Core  •Section 

15^6 

15-6 

15-6 

15-6 

15-6 

15-6 

15-6 

15-7 

15-7 

15-7 

15-CC 

15-CC 

cm  -  level 

90-91 

101 

110-111 

120-121 

130-131 

140-141 

149-150 

10 

20-21 

30 

8 

19-20 

Deoihlmbsn 

251.3 

251.41 

231J 

251.6 

251.7 

251.8 

251.89 

252 

252.1 

2512 

252.33 

252.44 

P.  buiionii 

P.  fibulifoiniu 

6 

16 

15 

18 

27 

13 

16 

9 

11 

14 

11 

16 

P.  agmoides 

1 

1 

3 

4 

Placozygus  tp. 

P.  aiUungelskyi 

P.  aeiacea 

75 

64 

41 

54 

88 

65 

74 

52 

101 

79 

94 

69 

P.  ipinosa 

30 

25 

11 

22 

28 

19 

33 

20 

36 

27 

29 

21 

P.  fiithii 

Q.  gaitneri 

Reinhardtiies  spp. 

R.anguauf 

Rhagodiscus  spp. 

1 

R.ihombicum 

S.  asymmetiica 

7 

S.  wisd 

1 

Scampanella  spp. 

S.  fossilis 

S.  lafiinei 

T.  ethmos 

P 

Tboiaoosph.  spp. 

3 

4 

2 

1 

1 

2 

2 

VagalapiUa  spp. 

4 

7 

3 

9 

17 

9 

15 

14 

9 

22 

17 

6 

W.  bamesae 

Z.  compactus 

Z.  (Hplogrammus 

Unidentiiiable 

9 

9 

11 

11 

12 

8 

10 

8 

9 

16 

7 

23 

Total  (excl.  P.  am.) 

500 

370 

351 

408 

571 

431 

473 

414 

561 

665 

559 

538 

P.  Omai 

495 

574 

557 

614 

810 

691 

758 

817 

1084 

841 

889 

606 

Total  (P.  stov  .count) 

995 

944 

908 

1022 

1381 

1122 

1231 

1231 

1535 

1072 

1448 

1014 

P.  stoveri.  fields 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

243 


Sample  Number 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

Hole 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

Corn -Section 

16-1 

16-1 

16-1 

16-1 

161 

161 

161 

161 

163 

164 

17-1 

17-3 

cm -level 

9.-10 

21-22 

30^31 

40-41 

5051 

59-60 

70 

100101 

2021 

80 

31-32 

29-30 

Dq)th(mbtO 

252.59 

25171 

2518 

2319 

253 

253.09 

253.2 

253.5 

255.7 

257.8 

26111 

265.09 

Sed.  rate  (m/m.y.) 

7J 

75 

75 

75 

75 

75 

75 

75 

7.5 

75 

7.5 

75 

Age(Ma) 

66.781 

66.797 

66809 

66823 

66.836 

66848 

66.863 

66902 

67.195 

67.475 

68.049 

68.446 

Pief.(G,M,P) 

M-P 

P 

M-P 

M-P 

PP 

M-P 

M-G 

M 

M 

M 

M-P 

M-P 

Abund.  (A.  C,  R) 

A 

R 

R-C 

A 

RR 

A 

A 

A 

A 

A 

A-C 

C 

Helds  counted 

64.2 

61.6 

2732 

495 

142.8 

52.4 

30 

30 

15.8 

201 

59.7 

64.1 

mgsediinent 

19.8 

18.2 

195 

20.8 

21.0 

20.7 

185 

195 

19.9 

20.8 

19.6 

211 

Caibonaie  (wt-%) 

87.4 

88.3 

885 

91.6 

91.1 

93.2 

88.2 

91.4 

911 

87.1 

88.2 

89.7 

Beaker  Constant 

2.7 

3.0 

17 

2.7 

3.0 

2.7 

3.0 

3.0 

17 

2.7 

17 

17 

A.  octoradiata 

6 

5 

4 

3 

19 

34 

1 

2 

1 

1 

A.cymbiformis 

A.  cymbifVspectll. 
A.  spedUata 

33 

28 

85 

23 

54 

33 

22 

11 

10 

8 

26 

25 

B.  sparsus 

B.  btdetum 

B.  constans 

B.  ooronum 

B.  dissimilis 

P 

3 

B.  magnum 

B.  notaculum 

Biscutum  sp.  1 
Biscutum  sp.  2 

B.  cf  bevieri 
Bioinsonia  spp. 

C.  barbata 

P 

P 

4 

1 

1 

2 

4 

3 

C.  amphipons 

C.  ganisonii 
Chiastozygus  sp.  1 
C.  conicus 

C.  cienulatus 

C.  suiiiellus 

P 

I 

1 

2 

Cietathabdus  sp.  1 
Cietaihabdus  spp. 

24 

24 

22 

IS 

10 

24 

9 

1 

19 

12 

24 

24 

C.  daniae 

40 

57 

19 

49 

9 

26 

35 

30 

47 

33 

16 

1 

C.  ehrenbergd 

10 

10 

5 

8 

4 

15 

18 

10 

8 

3 

6 

5 

Cniciplacolithus  tpp. 
Cyclagelosph.  tpp. 
Cyfindralilhus  spp. 
D.  ignotus 
&  tiabecuUuu 


E.  tuniseifreli 

22 

17 

3 

24 

2 

24 

18 

12 

7 

14 

6 

Gaitnerago  spp. 

13 

10 

6 

9 

7 

15 

9 

5 

5 

7 

3 

29 

G.  fessus 

11 

13 

10 

7 

2 

14 

3 

13 

9 

14 

3 

Homibrookina  spp. 

K.  magnificus 

76 

61 

126 

42 

111 

81 

91 

91 

30 

74 

87 

37 

Lapideacassis  spp. 

L.  camiolensis 

Lcayeuxii 

39 

41 

94 

69 

87 

50 

14 

17 

40 

11 

21 

37 

M.  inversus 

1 

1 

1 

M.  deoontiu 

1 

1 

1 

1 

M.  itautophoia 

1 

1 

6 

1 

2 

1 

1 

1 

1 

2 

1 

M.  plenipoius 

Misceomaig.  sp. 

7 

7 

M.  pectiiMtus 
M  quatennrius 
Monomarg.  sp. 

Mifceo/Mofiofng  sp-  ........  . 

N.  watJdnsii 
Neocrepidol.  spp. 

N.  ooryttuf 

N.  fiequent  164  132  76  183  79  155  129  101  85  174  88  43 

O.  magnu(  ........ 

P.  obtcunii  ..... 
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Sample  Number 

Hole 

Core  •  Section 
cm  -  level 

Depth  (mbaO 

70 

690C 

16-1 

9.-10 

252J9 

71 

690C 

16-1 

21-22 

252.71 

72 

690C 

16-1 

30-31 

252.S 

73 

690C 

16-1 

4041 

2519 

74 

690C 

16-1 

50-51 

253 

75 

690C 

16-1 

59-60 

253.09 

76 

690C 

16-1 

70 

2531 

77 

690C 

16-1 

100-101 

253.5 

78 

690C 

16-3 

20-21 

255.7 

79 

690C 

164 

80 

257.8 

80 

690C 

17-1 

31-32 

26Z11 

81 

690C 

17-3 

29-30 

265.09 

P.  bassonh 

P.  fiboUfoimu 

3 

4 

4 

6 

3 

10 

4 

4 

2 

6 

3 

P.  sigmoidea 
Plaoozygua  ap. 

6 

1 

1 

P.  atkhiuigelskyi 

1 

P.oetacea 

75 

69 

35 

53 

11 

92 

59 

30 

53 

23 

30 

28 

P.  apinoaa 

29 

24 

3 

37 

1 

19 

14 

21 

13 

10 

5 

1 

P.  fiithii 

Q. gaitneri 
Reiiihardtitea  app. 

1 

R.  anguatua 
Rhagodiscua  app. 

1 

1 

R.  ihombicum 

S.  aaymmetrica 

S.  wisei 

Scampanella  app. 

1 

1 

S.  foaailia 

S.  lafRttei 

T.  ethmoa 

f 

P 

p 

I 

t 

Thwaooaph.  app. 

3 

1 

1 

2 

1 

1 

j 

Vagalapilla  app. 

6 

13 

2 

20 

1 

16 

9 

11 

8 

14 

7 

2 

W.  batneaae 

Z  compactua 

Z  diplcgrammua 
Unidentifialde 

17 

34 

15 

10 

19 

16 

20 

10 

IS 

5 

6 

2 

Total  (excl.  P.  atov.) 

600 

547 

512 

564 

402 

596 

477 

409 

357 

411 

345 

245 

P.  atoveri 

293 

30S 

2S1 

437 

79 

588 

1004 

1066 

622 

677 

461 

lU 

Total  (P.  atov  .count) 

631 

544 

793 

7*0 

481 

932 

1482 

1476 

979 

10(8 

806 

356 

P.  atoveri,  fielda 

30 

30 

273.2 

30 

142.8 

30 

30 

30 

15.8 

20.2 

59.7 

64.1 

245 


Sample  Number 

S2 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

Hole 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

Core  -  Section 

18-1 

18-3 

18-5 

19-1 

19-3 

19-6 

19-7 

20-1 

20-1 

20-1 

20-1 

20-2 

cm  -  level 

107-108 

106 

54 

107 

137 

110-111 

20-21 

68-69 

130 

136 

145 

4.-5 

Depth  (mbsO 

272.47 

275.46 

277.94 

282.17 

285.47 

289.7 

290.3 

291.48 

292.1 

292.16 

29125 

29234 

Sed  late  (m/m.y.) 

5.7 

5.7 

5.7 

5.7 

8.9 

8.9 

8.9 

8.9 

8.9 

8.9 

8.9 

8.9 

Age(Ma) 

69.439 

69.968 

70.407 

71.156 

71.604 

71080 

72.147 

71280 

72J50 

71357 

72J67 

71377 

Pies.(G.M,P) 

P-M 

PP 

M-P 

M 

M 

PP 

M 

M 

M-G 

M-G 

M-G 

M-G 

Abund.  (A,  C,  R) 

C-R 

C 

A-C 

C 

A 

R 

A 

A 

A 

A 

A 

A 

Helds  counted 

65.9 

24.6 

40 

54.9 

20.2 

23.7 

20.6 

23J 

29 

35.1 

59.7 

36.4 

mg  sediment 

21.0 

21.1 

21.2 

20.5 

20.4 

20.4 

20J 

20.8 

21.1 

20.0 

19.7 

20.1 

Carbonate  (wt-%) 

89.9 

81.3 

76.3 

62.7 

61.5 

83.1 

76J 

47.8 

53  1 

52.2 

54.3 

553 

Beaker  Constam 

2.1 

2.7 

Z7 

2.7 

in 

2.7 

27 

17 

17 

2.7 

17 

17 

A.  oaoradiala 

1 

26 

36 

25 

42 

58 

64 

53 

51 

A.cymbifotmis 

7 

2 

2 

4 

19 

12 

7 

A.  cymbifVspeciU. 

1 

6 

A.  spedllata 

4 

1 

2 

B.  sparsus 

B.  boletum 

2 

1 

1 

B.  constans 

4 

4 

10 

8 

2 

3 

10 

13 

3 

2 

10 

B.  cotonum 

B.  dissimilis 

3 

2 

1 

1 

2 

B.  magnum 

12 

45 

5 

37 

31 

21 

25 

13 

29 

B.  notaculum 

10 

50 

42 

7 

40 

54 

50 

51 

75 

66 

Biscutum  sp.  1 

3 

1 

1 

2 

Biscutum  sp.  2 

2 

1 

3 

3 

B.  cf  bevieri 

5 

5 

3 

4 

3 

16 

Broinsonia  spp. 

27 

4 

8 

9 

6 

C.  barbata 

1 

2 

6 

3 

4 

10 

10 

11 

1 

C.  amphipons 

7 

7 

1 

1 

C.  garrisonii 

3 

3 

7 

6 

4 

6 

3 

7 

Chiastozygus  sp.  1 

2 

1 

C.  conicus 

1 

1 

2 

2 

3 

4 

C.  crenulatus 

C.  suiiiellus 

6 

2 

1 

2 

4 

1 

Cietaihabdus  sp.  1 

1 

1 

1 

1 

Cietaihabdus  spp. 

4 

3 

3 

I 

1 

4 

3 

1 

C.  daniae 

3 

7 

44 

1 

1 

C.  ehrenbergii 

3 

5 

1 

8 

2 

6 

3 

Ciuciplacolithus  spp. 

Cydagelosph.  spp. 

1 

1 

Cylindralithus  spp. 

D.  ignotus 

1 

1 

E.  trabeculatus 

E.  tuiriscifleli 

1 

16 

6 

16 

31 

15 

21 

23 

15 

14 

Gaitnerago  spp. 

P 

10 

5 

8 

3 

2 

12 

8 

7 

5 

G.  fessus 

1 

Homibrookina  spp. 

K.  magnificus 

54 

21 

63 

27 

12 

6 

9 

29 

22 

10 

6 

20 

Lapideacassis  spp. 

L.  camiolensis 

1 

L.  cayeuxii 

IS 

24 

17 

10 

21 

5 

24 

1 

1 

4 

7 

9 

M.  invenus 

M.  decoiatus 

M.  staurophora 

1 

3 

1 

M.  pleniporus 

1 

1 

4 

Misceomarg.  sp. 

M.  pectinatus 

1 

1 

1 

3 

M.  quatemarius 

7 

7 

10 

2 

2 

5 

4 

Monomarg.  sp. 

Misceo/Monomg  sp. 

1 

N.  watldnsii 

2 

3 

2 

Neocrepidol.  spp. 

N.  corystus 

4 

14 

27 

2 

47 

50 

39 

36 

33 

34 

N.  fiequens 

29 

5 

75 

O.  magnus 

5 

1 

1 

1 

P.  obscuius 

3 

7 

2 

11 

1 

3 

2 

2 

3 
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Sample  Number 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

Hole 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

Core -Section 

18-1 

18-3 

18-5 

19-1 

19-3 

19-6 

19-7 

20-1 

20-1 

20-1 

20-1 

20-2 

cm  -  level 

107-108 

106 

54 

107 

137 

110-111 

20-21 

68-69 

130 

136 

145 

4.-5 

Depth  (mbsO 

172.47 

275.46 

277.94 

282.17 

285.47 

289.7 

290.3 

291.48 

292.1 

292.16 

29Z25 

292J4 

P.  bussonii 

I 

3 

2 

1 

1 

P.  fibulifonnis 

5 

4 

2 

2 

3 

P.  sigmoides 

1 

1 

4 

1 

1 

Placozygus  sp. 

1 

P.  arUungelskyi 

2 

11 

3 

10 

17 

7 

6 

6 

4 

9 

P.  cretacea 

14 

2 

4 

1 

3 

5 

18 

15 

6 

7 

P.  spinosa 

1 

1 

27 

15 

47 

13 

34 

28 

26 

32 

30 

P.  futhii 

5 

38 

19 

IS 

18 

12 

8 

12 

Q.  gartneri 

Reinhardtites  spp. 

18 

6 

2 

4 

20 

38 

28 

39 

16 

R.  angustus 

7 

Rhagodiscus  spp. 

R.  ihombicum 

2 

1 

P 

1 

S.  asymmetiica 

S.  wisei 

Scampanella  spp. 

1 

S.  fossilis 

4 

1 

3 

1 

2 

7 

1 

2 

S.  lafRoei 

1 

1 

4 

T.  ethmos 

1 

7 

1 

P 

1 

Thoracosph.  spp. 

1 

12 

3 

10 

17 

15 

16 

9 

27 

Vagalapilla  spp. 

2 

1 

8 

14 

17 

16 

12 

16 

14 

9 

IS 

W.  bamesae 

1 

1 

2 

2 

2L  compactus 

12 

6 

8 

Z.  diplogrammus 

Unidentiflable 

5 

1 

12 

16 

14 

31 

9 

9 

26 

7 

22 

Total  (excl.  P.  stov.) 

143 

70 

316 

333 

393 

49 

412 

405 

457 

435 

382 

449 

P.  stoveh 

53 

17 

26 

43 

1 

13 

3 

12 

7 

5 

9 

Total  (P.  stov.oount) 

1% 

70 

333 

359 

436 

50 

425 

408 

468 

442 

387 

458 

P.  stoveri.  fields 

«S.9 

24.6 

40 

549 

20.2 

23.7 

20.6 

23J 

29 

35.1 

59.7 

364 

247 


Sample  Number 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

Hole 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

Core  •  Section 

20-2 

20-2 

20-2 

20-2 

20-2 

20-2 

20-2 

20-2 

20-2 

20-2 

20-2 

20-2 

cm -level 

I0.-11 

19-20 

29-30 

38-39 

47-48 

51-52 

61.1 

70-71 

80 

90 

100 

110-111 

Depth  (mbsO 

29Z4 

29Z49 

292J9 

292.68 

29177 

292.81 

29191 

293 

293.1 

2931 

2931 

293.4 

Sed.  rate  (m/m.y.) 

8.9 

8.9 

8.9 

8.9 

8.9 

8.9 

8.9 

8.9 

8.9 

8.9 

8.9 

8.9 

Age(Ma) 

72.383 

72,394 

72.405 

71415 

72.425 

71430 

72.441 

71451 

72.462 

71473 

71485 

71496 

Ptea.  (G.  M.  P) 

M-G 

M 

M-G 

M 

M-G 

G 

M-G 

M 

M 

M-P 

M-P 

M-G 

Abuiid.(A.C.R) 

C-A 

A 

A 

A 

C 

A 

A 

A 

A 

C 

C-R 

A 

Fields  counted 

70.7 

5Z7 

20 

41 

73J 

201 

22 

17.6 

22 

45.7 

56.2 

117 

mg  sediment 

18J 

18.3 

18.6 

18.0 

17.1 

21.1 

19.0 

21.8 

20.4 

20.4 

21.0 

20.0 

Caibanate  (wt-%) 

SS.9 

53.3 

56.7 

519 

517 

50.4 

581 

601 

615 

70.1 

7a5 

68.7 

Beaker  Constant 

2.7 

2.7 

Z7 

2.7 

17 

17 

17 

2.7 

17 

17 

17 

17 

A.  octondiata 

29 

32 

12 

18 

34 

31 

41 

50 

38 

33 

30 

26 

A.cymbifonnis 

23 

17 

9 

11 

11 

8 

8 

11 

9 

6 

4 

1 

A.  cymbifVspecill. 

2 

A.  spedllata 

P 

1 

1 

5 

2 

4 

2 

2 

7 

B.  sparsus 

B.  boletum 

2 

B.  constans 

1 

6 

3 

3 

6 

10 

6 

10 

14 

11 

14 

16 

B.  coronum 

P 

1 

P 

B.  dissimilis 

1 

2 

1 

4 

1 

1 

4 

B.  magnum 

29 

29 

13 

22 

16 

27 

24 

22 

33 

39 

21 

28 

B.  notaculum 

67 

58 

23 

56 

97 

45 

77 

69 

77 

84 

96 

66 

Biscutum  sp.  1 

1 

2 

3 

Biscutum  sp.  2 

2 

3 

2 

8 

2 

1 

2 

B.  cf  bevieri 

10 

15 

11 

9 

7 

10 

8 

8 

2 

5 

5 

Bioinsonia  spp. 

5 

1 

5 

5 

C.  barfaata 

3 

4 

1 

5 

2 

1 

2 

3 

1 

1 

1 

C.  amphipofis 

P 

2 

1 

1 

1 

C.  gaiiisonii 

1 

P 

6 

1 

3 

4 

10 

3 

8 

1 

10 

Qiiastozygus  sp.  1 

1 

2 

1 

2 

C.  oonicus 

1 

2 

P 

1 

1 

C.  crenolatus 

C.  suiirellus 

3 

3 

1 

2 

2 

3 

3 

4 

2 

1 

5 

1 

Cretartiabdus  sp.  1 

3 

2 

4 

1 

P 

Cretartiabdus  spp. 

3 

1 

I 

2 

1 

1 

1 

3 

3 

C.  daniae 

C.  ehrenbeigii 

4 

2 

2 

6 

1 

3 

2 

2 

3 

3 

1 

Cniciplacolitlius  spp. 

Cyclagelosph.  spp. 

CyUndralithus  spp. 

0.  ignotus 

1 

E.  trabeculatus 

I 

E.  tuniseifreli 

14 

23 

10 

15 

6 

18 

16 

21 

17 

3 

4 

12 

Gaitnerago  spp. 

8 

12 

1 

2 

8 

4 

10 

15 

20 

8 

8 

12 

G.  fessus 

1 

Homibrooldna  spp. 

K.  magnificus 

14 

15 

10 

12 

11 

24 

20 

20 

25 

19 

10 

21 

Lapideacastit  spp. 

1 

1 

L.  camiolensis 

1 

L  cayeuxii 

9 

9 

5 

P 

1 

1 

2 

5 

13 

19 

15 

13 

M  tnvenus 

M.  deooratus 

M.  staurophora 

1 

2 

2 

2 

M.  pleniporas 

1 

1 

1 

1 

1 

Misceomarg.  sp. 

M.  petlinatus 

1 

2 

1 

M.  quateniarius 

3 

7 

2 

3 

6 

3 

2 

5 

3 

2 

4 

Monomaig.  sp. 

Misceo/Monomg  sp. 

N.  watldnsii 

I 

1 

6 

2 

4 

1 

2 

2 

P 

Neocrepidol.  spp. 

N.  oorystus 

36 

36 

23 

43 

37 

42 

34 

51 

23 

25 

28 

12 

N.  frequens 

O.  magnus 

1 

P 

1 

P.  obscunis 

1 

1 

1 

2 

3 

2 

2 

5 

3 

3 
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Sample  Number 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

Hole 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

Core  -  Section 

20-2 

20-2 

20-2 

20-2 

20-2 

20-2 

20-2 

20-2 

20-2 

20-2 

20-2 

20-2 

cm  -  level 

10.-11 

19-20 

29-30 

38-39 

47-48 

51-52 

61.1 

70-71 

80 

90 

100 

110-111 

Depth  (mbsO 

29Z4 

29149 

29159 

292.68 

29177 

292.81 

29191 

293 

293.1 

293.2 

2933 

293.4 

P.  bussonii 

P 

P.  fibulifomiis 

1 

1 

1 

1 

2 

4 

1 

1 

1 

P.  dgmoides 

2 

3 

2 

2 

2 

1 

3 

1 

2 

Placozygus  sp. 

1 

1 

3 

P.  arkhangelskyi 

7 

4 

7 

5 

3 

11 

11 

6 

3 

1 

2 

8 

P.  cretaoea 

7 

11 

4 

11 

6 

7 

4 

2 

4 

4 

4 

3 

P.  spinosa 

26 

22 

15 

39 

22 

29 

31 

34 

32 

21 

22 

24 

P.  fiithii 

13 

10 

9 

15 

8 

18 

10 

10 

18 

7 

7 

13 

Q.  gaitneri 

2 

Reiiihanltites  spp. 

24 

32 

10 

23 

22 

19 

17 

9 

9 

6 

9 

10 

R.  angustus 

I 

1 

2 

1 

Rhagodiscus  spp. 

R.  ihombicum 

1 

! 

1 

2 

1 

1 

1 

3 

S.  asymmetrica 

1 

P 

S.  wisei 

Scampanella  spp. 

P 

S.  fossilis 

I 

1 

2 

3 

2 

7 

5 

3 

6 

S.  lalfiUei 

2 

3 

3 

3 

3 

6 

5 

5 

3 

3 

4 

T.  ethmos 

P 

P 

P 

2 

1 

Thoracosph.  spp. 

9 

9 

2 

9 

9 

11 

9 

6 

7 

3 

2 

9 

Vagalapilla  spp. 

13 

22 

6 

13 

20 

23 

21 

14 

26 

13 

21 

12 

W.  bamesae 

3 

2 

1 

1 

2 

2 

Z.  oompaaus 

1 

2 

9 

13 

1 

Z.  diplogrammus 

P 

1 

P 

Unidentifiable 

24 

10 

17 

26 

13 

13 

13 

15 

19 

6 

17 

20 

Total  (excl.  P.  stov.) 

394 

402 

211 

370 

367 

392 

420 

445 

447 

363 

372 

371 

P.  sloven 

9 

6 

6 

4 

13 

2 

4 

2 

10 

2 

Total  (P.  stov  .count) 

403 

408 

211 

376 

371 

405 

422 

449 

449 

373 

374 

371 

P.  stoveri,  fields 

70.7 

517 

20 

41 

73.3 

201 

22 

17.6 

22 

45.7 

562 

12.7 
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Sample  Number 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

Hole 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

Com -Section 

20-2 

20-2 

20-2 

20-2 

20-3 

20-3 

20-3 

20-3 

20-3 

20-3 

20-3 

20-3 

cm  -  level 

120 

129-130 

140-141 

149 

10.1 

30.1 

52 

70 

90-91 

107-108 

130 

150 

Depth  (mbsf) 

293.S 

293.59 

293.7 

293.79 

293.9 

294.1 

29452 

294.5 

294.7 

294.87 

295.1 

2955 

Sed.  rate  (m/m.y.) 

S.9 

8.9 

8.9 

8.9 

8.9 

8.9 

8.9 

8.9 

8.9 

8.9 

8.9 

8.9 

Age(Ma) 

72.507 

72517 

71530 

71540 

72552 

71375 

72599 

71620 

72.642 

71661 

71687 

71710 

PrBS.(G,M.P) 

M-C 

M-P 

M 

M-P 

M 

M 

P-M 

PP 

M 

M 

M 

M 

Abund.(A.C.R) 

A 

A-C 

A 

A-C 

A 

A 

A 

A 

A 

A 

A 

A 

Helda  counted 

20.6 

29.9 

145 

19.8 

21.1 

30.7 

265 

58.8 

21.1 

214 

20.2 

20.6 

mg  sediment 

21.6 

20.4 

20.7 

21.0 

20.0 

20.7 

19.8 

19.7 

20.6 

211 

19.5 

20.6 

Caibanale  (wt-%) 

655 

65.3 

651 

635 

613 

635 

75 

77.4 

695 

65 

618 

61.6 

Beaker  Constant 

2.7 

2.7 

17 

2.7 

17 

17 

17 

2.7 

17 

17 

17 

2.7 

A.  octoradiata 

32 

43 

38 

38 

43 

36 

22 

25 

23 

32 

34 

47 

A.cymbifonnit 

4 

2 

5 

6 

4 

8 

13 

3 

4 

4 

A.  cymbifVspedll. 

1 

2 

1 

3 

3 

3 

4 

A.  qtecillata 

2 

1 

1 

1 

1 

1 

B.  spaisus 

B.  btdetum 

1 

4 

2 

8 

5 

3 

B.  constans 

14 

11 

7 

9 

18 

13 

13 

11 

13 

18 

17 

7 

B.  omonum 

P 

1 

1 

1 

B.  dissimilis 

2 

1 

1 

1 

1 

3 

1 

1 

2 

4 

B.  magnum 

30 

25 

22 

11 

32 

28 

25 

22 

31 

38 

43 

44 

B.  ncitaculum 

61 

112 

75 

119 

81 

116 

96 

138 

102 

86 

72 

71 

Biscutum  sp.  1 

1 

8 

4 

Biscutum  sp.  2 

2 

2 

5 

B.  cfbevieri 

5 

4 

5 

6 

S 

2 

S 

3 

3 

12 

5 

7 

Broinsonia  spp. 

4 

3 

3 

1 

5 

5 

2 

2 

8 

7 

2 

C.  barbaia 

6 

3 

2 

1 

2 

2 

2 

3 

5 

7 

7 

C.  amptupons 

1 

C.  garhsonii 

7 

3 

9 

3 

4 

3 

1 

4 

4 

7 

6 

Chiastozygus  sp.  1 

1 

1 

3 

2 

2 

1 

C.  conkus 

1 

1 

1 

C.  cmnulatus 

C.  suriiellus 

7 

6 

1 

1 

6 

5 

3 

1 

1 

7 

7 

9 

Cretathabdus  sp.  1 

3 

1 

2 

1 

2 

3 

1 

5 

Cretariiabdus  spp. 

5 

2 

2 

2 

1 

2 

5 

1 

2 

1 

4 

9 

C.  daniae 

1 

C.  ehrenbergii 

3 

1 

1 

5 

1 

2 

1 

2 

1 

6 

4 

Cniciplacolithus  spp. 

Cyclagelosph.  spp. 

CyEndralithus  spp. 

D.  ignotus 

E.  tiabeculatus 

1 

E.  tuniseifleli 

13 

14 

18 

10 

4 

8 

15 

6 

7 

7 

9 

10 

Gartnerago  spp. 

19 

10 

13 

6 

13 

6 

10 

4 

12 

7 

7 

6 

G.  fessus 

Homibrooldna  spp. 

K.  magnificus 

19 

12 

13 

15 

11 

15 

14 

19 

18 

19 

13 

19 

Lapideacassis  spp. 

1 

L  camiolensis 

L.  cayeuxH 

19 

18 

2 

12 

17 

17 

9 

23 

9 

8 

6 

5 

MLinvenus 

M.  deoontus 

7 

M.  staurophoim 

1 

1 

1 

2 

4 

M.  plenipoius 

1 

Misceomarg.  sp. 

M.  pectinatus 

M.  quaiemarius 

1 

3 

5 

3 

1 

2 

2 

2 

6 

9 

Monomarg.  sp. 

1 

Misceo/Monofflg  sp. 

N.  watldnsii 

1 

2 

1 

2 

1 

2 

Neocrepidol.  spp. 

N.  oorystus 

25 

22 

31 

19 

18 

22 

27 

21 

39 

39 

44 

30 

N.  hequens 

O.  magnus 

P.  obscunis 

5 

5 

6 

10 

6 

7 

4 

10 

5 

7 

9 

3 

250 


Sample  Number 
Hole 

CoR-Section 
cm -level 

Decth  Imbaf) _ 

P.btttwnii 
P.  fibaUfomiu 
P.  sigmoides 
Plaoozygus  fp. 

P.  arUungelskyi 
P.  cmaoea 
P.  spinosa 

P.  fiithii 

Q. ganneri 
Reiiihankites  spp. 

R.  angustus 
Rhagodifcus  q>p. 

R-  ihombicum 

S.  aiymmetrica 
S.  wiiei 

Scampanella  spp. 

S.  fossilii 

S.  laffittei 

T.  ethmof 
Thonooiph.  spp. 
Vagalqiilla  spp. 

W.  bamesae 

Z.  oompactus 
Z.  diplogrammus 
Umdemifiable 
Total  (exd.  P.  stov.) 

P.  stoveri 

Total  (P.  stov  .count) 
P.  stoveti,  fields 


106 

107 

108 

690C 

690C 

690C 

20-2 

20-2 

20-2 

120 

129-130 

140-141 

293.5 

293.59 

293.7 

3 

2 

2 

3 

1 

5 

3 

6 

7 

8 

4 

33 

30 

24 

15 

16 

14 

7 

11 

12 

6 

1 

2 

3 

3 

5 

6 

5 

P 

5 

4 

8 

20 

21 

28 

7 

16 

6 

405 

422 

380 

12 

1 

417 

423 

380 

20.6 

29.9 

14J 

109 

110 

in 

690C 

690C 

690C 

20-2 

20-3 

20-3 

149 

10.1 

30.1 

293.79 

293.9 

294.1 

1 

2 

I 

5 

1 

12 

12 

8 

5 

6 

1 

18 

14 

17 

16 

11 

10 

9 

4 

5 

, 

1 

1 

5 

2 

2 

1 

P 

3 

8 

2 

14 

1 

14 

17 

1 

8 

21 

10 

373 

387 

367 

1 

373 

387 

368 

19.8 

21.1 

30.7 

II2  113  114 

690C  690C  690C 

20-3  20-3  20-3 

52  70  90-91 

29432  294,5  294.7 

I 

1 

2 

1  1  1 

10  1  9 

12  7 

19  12  34 

11  4  10 

6  8  9 

3  6 

P 

3  1 

2  1  5 

1 

5  1  3 

7  13  21 

1 

1 

22  14  21 

376  374  413 

1 

376  374  414 

26.3  58.8  21.1 


115 

116 

117 

690C 

690C 

690C 

20-3 

20-3 

20-3 

107-108 

130 

150 

294.87 

295.1 

295.3 

2 

2 

2 

2 

1 

1 

13 

20 

15 

14 

22 

10 

31 

35 

32 

30 

26 

8 

6 

12 

5 

1 

1 

2 

2 

6 

2 

7 

5 

1 

5 

3 

P 

2 

3 

6 

9 

15 

16 

1 

15 

1 

22 

22 

15 

482 

510 

446 

482 

510 

446 

22.4 

20.2 

20.6 

251 


Sample  Number 

lit 

119 

120 

121 

122 

123 

124 

125 

126 

127 

128 

Hole 

fi90C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

Core-Section 

204 

204 

204 

204 

204 

204 

204 

21-1 

21-4 

22-1 

22-4 

cm  •  level 

8.-9 

31 

50 

7071 

89-90 

109 

115-116 

123-124 

121 

46-47 

119-120 

Dq)th(mbtf) 

29SJ8 

295.61 

295.8 

296 

296.19 

29639 

296.45 

301.63 

306.11 

31036 

315.79 

Sed.  late  (m/m.y.) 

8.9 

8.9 

8.9 

8.9 

8.9 

8.9 

8.9 

8.9 

8.9 

8.9 

8.9 

Age  (Mm) 

7Z7t9 

71745 

71766 

71788 

71810 

71832 

71839 

73.422 

73.925 

74.425 

75.013 

Pres.(G,M.P) 

M-P 

M 

M-G 

M 

M 

M 

M 

G-M 

M-P 

M-P 

P-M 

Abund.  (A,  C,  R) 

A 

A 

A 

A 

A 

A 

A 

A 

A 

C 

C 

Fields  counted 

26J 

202 

193 

203 

21.1 

343 

21.1 

253 

30.7 

553 

47.4 

mg  sediment 

20.0 

20.4 

20.4 

213 

20.0 

20.6 

19.9 

19.8 

21.0 

20.8 

21.3 

Caibonate  (wt-%) 

«0.8 

56.2 

563 

56.1 

53.8 

58 

59.4 

523 

46.7 

43.8 

55 

Beaker  Constant 

17 

2.7 

17 

17 

17 

2.7 

17 

2.7 

17 

2.7 

A.octondiata 

30 

52 

47 

52 

52 

52 

32 

65 

65 

17 

A.cymbifamiis 

3 

A.  cymbifVspedll. 

3 

2 

3 

2 

1 

1 

1 

1 

1 

A.  qtedllala 

1 

1 

1 

1 

B.  sparsus 

B.  boletnm 

5 

3 

5 

3 

1 

1 

4 

B.  oonstans 

24 

17 

9 

21 

18 

12 

23 

20 

34 

11 

4 

B.  ooronum 

P 

1 

B.  dissimilis 

I 

2 

1 

2 

2 

B.  magnum 

28 

30 

26 

19 

20 

26 

19 

2 

7 

12 

B.  notacuhim 

102 

76 

51 

51 

58 

92 

58 

100 

11 

4 

6 

Biscutum  sp.  1 

1 

3 

1 

1 

2 

1 

2 

3 

6 

Biscutum  sp.  2 

1 

3 

2 

2 

2 

2 

B.  cf  bevieri 

8 

8 

5 

6 

5 

10 

5 

3 

Bioinsonia  spp. 

2 

5 

6 

2 

3 

2 

5 

2 

C.  barbata 

6 

5 

3 

6 

2 

2 

6 

3 

5 

3 

C.  amphipons 

1 

C.  garrisonit 

to 

4 

9 

5 

11 

6 

3 

25 

3 

I 

2 

Chiastozygus  sp.  1 

1 

2 

1 

1 

4 

1 

C  amicus 

1 

1 

9 

2 

1 

C.  oenulains 

C.  suiiicUns 

8 

3 

2 

5 

I 

1 

7 

4 

P 

Cietaihabdus  sp.  I 

2 

1 

1 

2 

6 

4 

CretarlMbdus  spp. 

S 

4 

5 

3 

1 

4 

2 

1 

7 

3 

2 

C.  daniae 

C.  ehienbeigii 

5 

4 

5 

3 

1 

4 

6 

5 

6 

5 

Cniciplacolithus  spp. 

Cyclagelosph.  spp. 

1 

Cylindialithus  spp. 

D.  ignotus 

1 

I 

2 

1 

1 

1 

E  tiabeculatus 

E  tuiriseifreli 

It 

14 

8 

7 

14 

6 

11 

10 

18 

8 

1 

Gartnerago  spp. 

4 

3 

6 

5 

4 

4 

5 

8 

4 

1 

G.  fessus 

Homibrookina  spp. 

K.  magnificus 

11 

16 

13 

14 

9 

12 

20 

7 

7 

3 

12 

Lapideacusis  spp. 

1 

Ecamiolemis 

Ecayeuxii 

10 

3 

5 

5 

2 

4 

9 

2 

15 

39 

185 

M.  inversus 

M.  decotatus 

M.  staurophora 

1 

I 

1 

1 

4 

M.  pienipotus 

9 

3 

Misceomarg.  sp. 

2 

M.  pectinatus 

1 

2 

M.  quatemarius 

1 

3 

5 

3 

5 

3 

6 

Monomaig.  sp. 

1 

Misceo/Monomg  sp. 

1 

1 

N.  watldnsii 

3 

3 

3 

1 

1 

2 

2 

NeoaiqiidoL  spp. 

N.  oorystus 

32 

40 

48 

41 

31 

30 

30 

33 

8 

N.  bequens 

0.  magnus 

I 

1 

1 

P.  obscuius 

2 

2 

4 

4 

2 

1 

9 

1 

1 

252 


Sample  Number 

lis 

119 

120 

121 

122 

123 

124 

125 

126 

127 

128 

Hole 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

690C 

Coe-Sedion 

20-« 

204 

204 

204 

204 

204 

204 

21-1 

214 

22-1 

224 

cm -level 

I.-9 

31 

so 

7071 

89-90 

109 

115-116 

123-124 

121 

4647 

119-120 

Detiih(mbaf) 

29SJt 

295.61 

29S.8 

296 

29619 

296J9 

29645 

301.63 

306.11 

31056 

315.79 

P.  bomonii 

S 

6 

4 

1 

4 

2 

3 

2 

3 

P.  fiboHibiiiiis 

1 

3 

2 

1 

2 

3 

3 

3 

P.  agmoidet 

1 

2 

4 

Piaoozygua  ip. 

2 

S 

2 

1 

2 

1 

1 

P.  aiUiangelskyi 

10 

17 

14 

8 

7 

7 

5 

18 

21 

4 

7 

P.ctetaoea 

7 

3 

1 

1 

S 

5 

2 

20 

IS 

22 

12 

P.  qmom 

32 

33 

33 

4S 

35 

35 

51 

41 

64 

66 

8 

P.  fifiidi 

14 

15 

20 

27 

37 

38 

36 

Q.  ganneri 

Remhanfeitea  app. 

8 

5 

S 

9 

7 

12 

6 

18 

17 

R.angnana 

Rhagodiacaa 

R.dx>mbicnm 

8 

3 

2 

1 

2 

S.  asymmeirica 

S.  wild 

Scampanella  ipp. 

S.  fomflii 

1 

4 

2 

3 

2 

1 

6 

2 

S.  laffind 

12 

8 

7 

4 

5 

13 

3 

2 

T.  dhmot 

1 

Thonoosph.  ipp. 

5 

7 

13 

10 

9 

7 

10 

n 

19 

5 

2 

VagalapiUa  ipp. 

IS 

30 

22 

32 

18 

23 

IS 

44 

48 

9 

W.bameiaB 

3 

5 

2 

I 

3 

1 

Z.oonipactuf 

1 

7 

1 

4 

Z.  diidogiamiiitti 

1 

1 

2 

Umdemifiable 

19 

24 

19 

16 

18 

8 

13 

12 

IS 

10 

11 

Total  (exd.  P.  aov.) 

449 

466 

42? 

440 

408 

440 

415 

492 

426 

261 

279 

P.  aoveri 

5 

8 

IS 

21 

31 

93 

16 

Total  (P.  8ov.ooant) 

449 

466 

428 

440 

413 

448 

430 

513 

457 

354 

295 

P.  aoveri,  fields 

26J 

20.2 

19J 

20.2 

21.1 

34.2 

21.1 

25i 

30.7 

555 

47.4 

253 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

OOP  Hole  761 B 

761 B 

761  B 

761  B 

761  B 

761  B 

761  B 

761  B 

761  B 

761  B 

761  B 

Con-SectiaD 

2M 

21-4 

21-4 

21-5 

21-5 

21-5 

21-5 

21-5 

21-6 

21-6 

cm-lBwel 

130 

140 

145 

10 

45 

80 

115 

150 

11 

45 

Depth  (mfaaf) 

176.00 

176.10 

176.15 

17630 

176.65 

177.00 

17735 

177.70 

17731 

178.13 

Age  (Me) 

66.403 

66.409 

66.412 

66.422 

66.445 

66.468 

66.491 

66314 

66321 

66343 

SntiinentMinii  Rale  (a/m.y.) 

1S32 

1SJ2 

1532 

1532 

1532 

1532 

1532 

1532 

1532 

1332 

Caibooale  ooomm  (weigM-K) 

82.7 

B.d 

86.7 

893 

ad. 

ad. 

ad. 

ad. 

90 

ad. 

PiCMfvMioa 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

Atwntieoe 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

rwiaicomM 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

mgeediaeataed 

20.7 

20A 

20.9 

21 

203 

20.6 

20.4 

20.9 

203 

203 

AhmaetteteUa  octondiate 

Aifchaagelikiella  app. 

11 

16 

22 

12 

20 

14 

18 

7 

14 

10 

Rw/Mnm 

2 

1 

2 

1 

1 

3 

B.aiagBaai 

B.  MJ/nlna. 

2 

3 

4 

2 

1 

Biieatanip.  1 

27 

72 

32 

49 

42 

51 

65 

7 

4 

15 

Bfoiaioaia  ippu 

4 

6 

7 

12 

3 

9 

5 

1 

8 

7 

Afkhaageiikiella/Bfoiaioaia 

Ccalaephacci  bMfaata 

Cctalolilhoide*  spi  cf.  C  acideia 

1 

1 

1 

2 

2 

1 

1 

3 

Chiailoeygia  ipL  1 

1 

CofoUilhioa  caigaam 

1 

9 

1 

2 

3 

4 

2 

CofoUilhioa?  cotaplaaBa 

1 

CUauacygia  tp  cf.  C  ampkipoiB 

, 

CiibR»phae(ella<7)  daaiaa 

2 

11 

5 

10 

5 

4 

13 

1 

2 

4 

CribeocphaeicUa  ehicabogii 

48 

56 

53 

66 

33 

44 

53 

19 

32 

33 

Cictarhabdo*  aagouitorBaa 

2 

1 

1 

3 

14 

8 

10 

3 

8 

6 

Ccoakui 

2 

1 

2 

1 

1 

Cdcaolaiui 

. 

Ca 

1 

1 

1 

2 

1 

1 

CaaiiicUa 

1 

Crrtirlidbdae  ipt.  1 

Cictarlabdai  ipp.  iadel 

20 

33 

12 

27 

27 

47 

71 

35 

3J» 

35 

Cydageioeptaaera  alu 

C  mirgeiclii 

2 

1 

. 

4 

2 

2 

C  iciafeardtii 

2 

3 

2 

5 

1 

Cyliadnlilhui  biarcu 

C  gaUkw 

2 

3 

2 

3 

9 

3 

11 

12 

6 

11 

C  utrana 

0.  igooltti 

8 

28 

9 

21 

11 

32 

20 

3 

11 

10 

EiSellilhui  puaUeliti 

7 

13 

5 

6 

4 

7 

8 

11 

9 

4 

E.  inbecaialui 

3 

1 

8 

5 

2 

2 

2 

2 

3 

E  aaiiiciftelii 

21 

47 

14 

39 

36 

44 

35 

25 

34 

37 

Ericnaiaipk 

3 

2 

2 

3 

3 

6 

2 

21 

2 

9 

Caitaenigo  ippi 

1 

1 

GUakoltlhBi  (eeaia 

11 

37 

25 

23 

24 

27 

37 

22 

54 

21 

Heaaliltaai  hesatilbBi 

Kiaiptnrriai  augaificui 

1 

1 

1 

2 

Lapideacauit  spp. 

Liihaatriaoi  app^ 

1 

1 

2 

3 

5 

1 

2 

3 

UltaiapfaidiM  caiaioteaua 

3 

2 

4 

6 

5 

2 

1 

L.  gfoiaopecliaami 

1 

1 

1 

2 

1 

1 

E  ptaaqaadrana 

29 

32 

13 

20 

22 

28 

39 

18 

18 

11 

L.  qoMhatoi 

4 

4 

7 

1 

1 

4 

6 

4 

5 

4 

Lithfapbiditei?  ip.  1 

Maoivilella  paaaaalaidaa 

1 

1 

1 

1 

Mafkaliia  apatna 

M.  iavania 

2 

Microthabdidia  belgtaa 

3 

9 

4 

2 

2 

9 

11 

2 

4 

3 

M.  decorana 

16 

30 

15 

25 

32 

12 

34 

44 

32 

35 

Micuta  anaiB 

3 

2 

3 

1 

2 

2 

6 

2 

1 

254 


1 

2 

3 

4 

S 

6 

7 

8 

9 

10 

ODP  Hole  761  B 

761 B 

761  B 

761  B 

761  B 

761  B 

761  B 

761  B 

761  B 

761  B 

761  B 

Con-Seoiaii 

21-4 

21-4 

21-4 

21-S 

21-S 

21-5 

21-S 

21-5 

21-6 

21-6 

ciii>kvel 

130 

140 

14S 

10 

4S 

80 

US 

ISO 

11 

45 

Depth  (mlMl) 

176.00 

176.10 

176.1S 

176J0 

176.65 

177.00 

177 JS 

177.70 

177.81 

178.15 

MicaUltpb 

S 

1 

3 

4 

S 

1 

2 

1 

Neocnpidolilhaiipp 

Ncphniiilhiit  (nqneoi 

11 

38 

20 

40 

19 

30 

19 

20 

44 

24 

Pshifadalitina  legalaiii 

13 

14 

11 

12 

9 

24 

31 

19 

37 

17 

Pathabdolilhai  ep.  cf  P.  cmfacfgeri 

. 

1 

1 

1 

Petmhhbdoi  copolalttt 

PlaoocygiB  boaaoaii 

1 

1 

Plaeeeygia  fibalilannis 

12 

28 

IS 

19 

19 

45 

26 

13 

31 

39 

P.ugBoiike 

. 

PbooBygDiap 

10 

16 

9 

19 

12 

3 

5 

3 

1 

1 

PiedjMOiphaen  aifchaagebkyi 

P.cictMea 

94 

117 

104 

112 

128 

110 

141 

151 

84 

145 

P.gnndu 

4 

3 

2 

1 

2 

3 

1 

7 

P.apioou 

22 

43 

20 

13 

22 

S6 

40 

9 

46 

18 

P.aloveii 

IS 

26 

17 

16 

14 

SI 

52 

27 

46 

57 

Ouidran  ganncfi 

1 

ReiohmUilct  Icvis 

Rhapodiicut  anguMia 

1 

2 

3 

1 

2 

R.  icaitotmii 

3 

5 

3 

4 

1 

5 

1 

R.  *pt*—*t*w 

2 

1 

4 

1 

1 

2 

2 

Rhagoducui  ip.  1 

Rhapodiiaa  epp.  iadeL 

Rhnillhnlillliiiii 

2 

1 

Scnapeaella  1pp. 

Sctphohlha  (aMilk 

SMMlithitci  laffittei 

SiephiiiaUiliMa  ipp 

2 

11 

1 

8 

9 

10 

9 

5 

8 

2 

TcgVBeaMB  madaefi 

1 

Tekborhdbdai  cthnne 

Tcwpodochibdni  decotui 

3 

10 

2 

S 

16 

7 

6 

6 

4 

Thoiacoiphien  ipp 

2 

Traaoiilfaai  miflwwUr 

1 

1 

1 

1 

3 

3 

3 

2 

2 

T.  phMckMui 

VagaUpilU  ipp 

9 

19 

16 

21 

5 

8 

2 

1 

1 

Wsizaiaeiu  bifacue 

SI 

78 

lOS 

110 

56 

73 

108 

151 

70 

70 

W.  biporu 

1 

Zygodiicui  compeciui 

Zygodiicai  lacuama 

1 

2 

1 

2 

Zygodiacaa  ip  1 

IS 

14 

16 

10 

7 

3 

16 

1 

UoideadGibiei 

7 

8 

8 

2 

5 

10 

10 

10 

12 

8 

Son  (cxd.  M.  suufoabon) 

819 

1180.1 

928.1S 

944.3 

849.6S 

1084 

1228.35 

1021.7 

894.81 

908.15 

MievU  Mioiophan 

n 

62 

66 

89 

76 

58 

59 

113 

111 

106 

Sob  oi  M.  lUtaophon  oooaii 

896 

124Z1 

994.1S 

1033J 

925.65 

1142 

1287JS 

1134.7 

1005.81 

1014.15 

Fieldi  of  M.  naarapboa  oovaa 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 
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11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

OCX*  Hole  76IB 

761  B 

761  B 

761  B 

761  B 

761  B 

761  B 

761  B 

761  B 

761  B 

761  B 

761  B 

Cof»>Sectiao 

21-6 

21.6 

2i<x: 

22-1 

22-2 

22-3 

22-4 

22-5 

22-6 

23-1 

23-2 

cm-ltwci 

80 

101 

31-32 

80 

80 

80 

79 

70 

56-57 

70 

72 

Deplh(Bfad) 

178J0 

178.71 

179.70 

18030 

182.00 

18330 

184.99 

186.40 

187.76 

189.90 

191.42 

Age(Ma) 

66.566 

6&S80 

66.644 

66.696 

66.900 

67.190 

67.477 

67.750 

68.012 

68.425 

68.719 

Sed.  Rale(mta.y.) 

1SJ2 

1SJ2 

1532 

1532 

5.18 

5.18 

5.18 

5.18 

5.18 

5.18 

5.18 

Wt-%  CaibosMe 

n.d 

0.6. 

ILd. 

88.4 

n.d. 

863 

n.d. 

883 

n.d. 

91 

ILd 

PnMtvaaao 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

AbaadtaBc 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

FiddieoaoMd 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

ogudiBeMBMd 

21 

19J 

19.9 

193 

193 

203 

20.7 

20.1 

19.1 

19.6 

203 

10 

1 

2 

AifchaagciakiclU  ipp. 

17 

9 

20 

7 

4 

10 

1 

27 

16 

23 

3 

1 

19 

20 

34 

24 

24 

41 

14 

amagum 

B.  Boarahun 

1 

1 

2 

2 

Bucmnmtp.  1 

21 

25 

19 

71 

26 

10 

8 

8 

3 

8 

6 

Broiaaonia  tpp. 

7 

7 

6 

2 

1 

4 

1 

1 

Afkhaiig7Bnnnsoiiia 

Ccmoaptaacn  baifaau 

Cctacalcis 

2 

1 

2 

6 

8 

22 

6 

8 

18 

11 

rhiatxgygui  ip.  1 

1 

4 

5 

1 

CoiQiliihioa  angoum 

1 

7  rnni|iti  niiii 

CcCampUpooi 

C(7)daaiae 

3 

3 

2 

1 

Ccbteabngii 

30 

32 

37 

43 

55 

30 

38 

34 

20 

31 

20 

C  aagiMfotami 

14 

7 

6 

6 

4 

5 

3 

9 

10 

4 

4 

Coaoica 

1 

3 

1 

1 

2 

1 

1 

Cocaoianii 

1 

1 

7 

C  achiaobnctaiaiui 

2 

2 

2 

2 

2 

CioriicUu 

1 

OelarbabdM  ap.  1 

Cictaihabdu  spp.  iodel 

75 

30 

29 

41 

61 

39 

34 

41 

62 

65 

49 

Calla 

C  oiargeiclii 

4 

4 

4 

4 

5 

3 

1 

3 

4 

4 

C.  leinhaidai 

1 

1 

2 

2 

4 

3 

C  biaiciB 

C  gaUkus 

11 

14 

11 

10 

5 

1 

2 

2 

4 

C  lenans 

D.  igaorat 

13 

29 

22 

29 

18 

14 

15 

17 

23 

31 

75 

a  panllcla 

6 

8 

4 

6 

9 

12 

6 

6 

19 

30 

26 

a  (nbeculatiu 

4 

9 

2 

1 

5 

3 

2 

13 

6 

7 

a  nmiicilteUi 

43 

21 

15 

19 

27 

10 

14 

23 

26 

26 

21 

EricMoiaip 

5 

2 

4 

2 

1 

1 

8 

8 

8 

17 

4 

CaitDcngo  app. 

2 

G.  faaaa 

26 

26 

39 

42 

12 

7 

8 

6 

21 

45 

42 

H.  haialhha 

1C  aiagnifiriia 

2 

1 

Lapidaacaaaia  app. 

Ulhaattiaa  app. 

5 

6 

4 

1 

1 

1 

1 

a  ratninlaMii 

2 

1 

4 

3 

6 

6 

2 

2 

L  gioaaopecliaania 

1 

a  It— — thK 

1 

a  pnequadmua 

25 

23 

8 

24 

44 

17 

45 

11 

18 

21 

29 

aquadraoia 

3 

3 

2 

4 

9 

7 

1 

3 

4 

Ulhnphidilea?  ap.  1 

M.  pwnmaloidea 

3 

2 

1 

M.  apaatna 

1 

M.  invenua 

1 

1 

M.  bdgicua 

4 

5 

2 

7 

2 

1 

I 

5 

2 

I 

1 

M.<ieooca(ut 

53 

31 

28 

37 

16 

18 

9 

19 

16 

13 

21 

Micola  munia 

4 

2 

9 

1 
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11 

12 

13 

14 

IS 

16 

17 

18 

19 

20 

21 

OOP  Hole  761B 

761  B 

761  B 

761  B 

761  B 

761  B 

761  B 

761  B 

761  B 

761  B 

761  B 

761  B 

Coie-Seclioa 

21-6 

21-6 

21-CC 

22-1 

22-2 

22-3 

22-4 

22-5 

22-6 

23-1 

23-2 

cni'lcvei 

80 

101 

31-32 

80 

80 

80 

79 

70 

5657 

70 

72 

Defib  (mlxf) 

178.50 

178.71 

179.70 

180J0 

182.00 

18330 

184.99 

18640 

187.76 

189.90 

191.42 

MtcaU?sp. 

1 

2 

3 

1 

Neaciepidoiuhat  tpp. 

N.ficqacnt 

6 

30 

14 

21 

1 

2 

3 

P.  regnlans 

40 

20 

14 

24 

26 

6 

24 

22 

43 

70 

48 

P.  cf  cotbMgeri 

1 

1 

P.oopaiaini 

P.  bunooii 

* 

1 

P.  fibaUfotmis 

68 

37 

56 

76 

35 

15 

72 

51 

57 

49 

43 

P.iigmoidct 

. 

1 

Pboocygoatp. 

2 

1 

2 

7 

6 

4 

4 

4 

13 

4 

6 

P.  afkhaagdikyi 

P.  CTClMca 

160 

142 

127 

186 

174 

124 

166 

185 

152 

175 

212 

P.  gnndii 

3 

2 

1 

2 

1 

P.  ipnou 

11 

24 

23 

25 

29 

16 

25 

23 

28 

41 

47 

P.ilovcri 

46 

39 

31 

69 

55 

19 

29 

73 

66 

65 

57 

Q.  gaflnen 

1 

R.kvu 

R.  aogttiais 

1 

1 

1 

R.  lenifotmii 

1 

1 

3 

3 

3 

1 

4 

1 

R.  tplcndein 

1 

1 

1 

4 

1 

4 

3 

5 

3 

6 

Rhagodtieuiip.  1 

Rhagodiicui  ipp.  iodet 

R.  ibomhicMin 

1 

ScampuielU  (pp. 

S.  fauila 

1 

1 

S.  Uffioei 

Stephaaoliihioa  tpp. 

S 

11 

1 

7 

11 

1 

11 

14 

18 

9 

4 

T.  ttndaeii 

T.  ctlnoi 

1 

T.  deoanB 

7 

13 

8 

7 

3 

8 

2 

6 

6 

13 

8 

Tbonootphaeia  spp. 

1 

1 

1 

T.  micltiodif 

1 

2 

9 

2 

2 

3 

3 

5 

17 

6 

T.  phacclotui 

VagaUpiiU  ipp. 

6 

4 

7 

1 

2 

3 

1 

W.bamuc 

85 

101 

124 

53 

43 

31 

52 

46 

39 

41 

52 

W.  biporu 

1 

2 

Z.  compKita 

2.  UCODUUI 

3 

1 

Zygodiictti  ip.  1 

5 

2 

13 

7 

12 

2 

9 

2 

4 

1 

2 

UnideabCiUe* 

10 

3 

8 

11 

11 

1 

11 

3 

9 

12 

6 

Sun  (cxcl.  M.  suuroDh.) 

1097.5 

102971 

918.7 

1149.5 

1039 

735.5 

976.99 

947.4 

985.76 

1177.9 

1 166.42 

MicuU  luuropbara 

118 

57 

77 

84 

125 

85 

125 

74 

90 

65 

67 

Sum  of  M.  lUur.  eounii 

1215.5 

1086.71 

995.7 

1233.5 

1164 

8205 

1101.99 

1021.4 

1075.76 

12419 

1233.42 

FieMt  of  M.  tuut.  counii 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 
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22 

23 

24 

2S 

26 

27 

28 

29 

30 

31 

ODPHQla761B 

761  B 

761  B 

761  B 

761 B 

761  B 

761  B 

761  B 

761  B 

761  B 

761  B 

Core-SediaD 

23-3 

23-3 

23-3 

23-3 

23-3 

23-3 

23-3 

23-3 

23-4 

23-5 

co-tevel 

10 

30 

SO 

70 

90 

110 

130 

ISO 

70 

80 

Depth  (mbsl) 

192J0 

192.S0 

192.70 

192.90 

193.10 

19330 

193.S0 

193.70 

194.40 

196.00 

Age(Ma) 

68.889 

68.927 

68.966 

69.004 

69.043 

69.082 

69.120 

69.159 

69.294 

69.603 

Sed.  Rale(m/Bi.y.) 

S.18 

S.18 

S.18 

5.18 

5.18 

S.18 

S.18 

5.18 

5.18 

5.18 

Wl-%Cuboaaie 

89.9 

n.d. 

iLd. 

ILd. 

o.d. 

89 

n.d. 

ILd. 

ILd. 

ILd. 

PltMTMMion 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

Abmdaace 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

FieMiooanied 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

mgiedimeaiaMd 

19.8 

20.5 

20.1 

18.9 

20J 

20 

20.1 

20 

20 

18.9 

A.oclonduia 

1 

1 

2 

2 

12 

AikhengeiikielU  ipp. 

8 

S 

4 

6 

3 

6 

7 

2 

17 

10 

Bucomd  cooMaoi 

6S 

3S 

36 

25 

22 

22 

14 

47 

36 

19 

B.  — g— T| 

B. 

1 

1 

1 

2 

1 

Biicaiumtp.  1 

11 

16 

16 

S 

22 

19 

26 

21 

17 

5 

Braiaioauipp. 

2 

1 

1 

1 

2 

AikheagiBroiaioau 

CcflUephaefa  bubeu 

1 

1 

Cclacalem 

14 

8 

17 

8 

14 

9 

10 

18 

11 

17 

Chiauoeygia  ip.  1 

2 

2 

CofoUilhkn  cxignnm 

1 

1 

Clconplettm 

1 

C  cf  amphipoos 

C.(7)daaue 

2 

Cehfcnbergii 

33 

30 

46 

22 

29 

22 

24 

35 

30 

23 

C  aagutli&iiacus 

1 

6 

1 

1 

1 

2 

3 

1 

13 

C  eoakui 

1 

1 

1 

2 

2 

1 

1 

Ccmrabtua 

C  Khiwbiachuns 

1 

1 

1 

1 

2 

1 

CiuriicUia 

Cietathabdui  tp.  1 

Cietarhibdtti  «pp.  tadei 

24 

38 

3S 

38 

36 

38 

30 

21 

63 

31 

Cala 

C  aurgerdii 

2 

3 

1 

1 

2 

2 

2 

11 

1 

C  reinhaiddi 

2 

1 

2 

Cbiaicui 

C  gaUicuj 

5 

2 

8 

1 

3 

7 

2 

2 

C  Minna 

1 

0.  igDMlU 

46 

22 

38 

32 

21 

19 

18 

24 

45 

87 

E.  pmileius 

23 

14 

6 

16 

13 

20 

13 

5 

14 

6 

E.  aabeculanu 

2 

4 

4 

3 

6 

3 

4 

5 

4 

E.  niniiciCCelii 

17 

21 

S 

8 

18 

9 

18 

15 

22 

25 

EticMmiaap^ 

2 

6 

3 

2 

3 

9 

3 

Gaftocngo  ipp 

G.  feniB 

36 

40 

16 

15 

21 

28 

79 

61 

6 

5 

H.  hwiliihia 

K.  magaificia 

1 

Lipideacauii  (pp. 

Uthwiioai  tpp. 

3 

3 

1 

S 

1 

1 

UcuoMicaus 

3 

2 

1 

2 

4 

3 

1 

L.  giwopwiinnui 

L  Irfimt  lliii 

1 

L.  pneqaadnna 

14 

40 

18 

18 

18 

17 

14 

23 

1 

L-qindnlut 

2 

1 

3 

1 

Lilbiapbidilei?  sp.  1 

2 

1 

1 

3 

M.  pemauioklea 

2 

8 

2 

3 

1 

1 

1 

2 

M.  apema 

M.  invenin 

1 

M.  bdgicia 

1 

5 

3 

2 

4 

1 

M.  decorana 

MicnU  muna 

24 

23 

12 

18 

16 

31 

6 

9 

47 

84 

32 

761  B 
24-1 
98-99 
199.68 
70J13 
S.18 
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20 
19.1 
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41 

40 
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IS 

1 


32 

6 

3 
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31 
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1 

2 

21 

8 

18 

3 
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22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

OOP  Hole  761 B 

761  B 

761  B 

761  B 

761  B 

761  B 

761  B 

761  B 

761  B 

761  B 

761  B 

761  B 

Con-Seclioo 

23-3 

23-3 

23-3 

23-3 

23-3 

23-3 

23-3 

23-3 

23-4 

23-5 

24-1 

cm-l«vel 

10 

30 

50 

70 

90 

110 

130 

150 

70 

80 

98-99 

De|ilh(mbif) 

192J0 

192.50 

192.70 

19X90 

193.10 

193J0 

193.50 

193.70 

194.40 

196.00 

199.68 

Micab7ip. 

Ncoctcpidolilhm  tpp. 

N.  (icqueas 

1 

1 

P.  icgulari* 

41 

25 

41 

30 

61 

35 

29 

38 

22 

67 

20 

P.cf  cnbagcti 

1 

P.  copoUnii 

1 

P.  bunoaii 

1 

3 

2 

1 

P.  fibaliComiis 

59 

41 

69 

43 

41 

35 

36 

41 

14 

12 

25 

P.iigmoida 

3 

1 

Pboosygwip. 

4 

7 

8 

2 

4 

3 

8 

5 

4 

4 

3 

P.  ukhingclikyi 

P.cicacca 

174 

153 

212 

112 

119 

132 

127 

177 

131 

117 

115 

P.  gnodix 

3 

2 

5 

1 

4 

1 

3 

1 

2 

P.  ipiaou 

39 

35 

49 

46 

71 

44 

52 

42 

28 

54 

19 

P.tiovcfi 

75 

39 

63 

42 

31 

44 

27 

54 

21 

25 

17 

0.  gxracn 

R.  Icvix 

R.  anguinu 

1 

1 

1 

S 

R.  icaitonnu 

2 

I 

1 

1 

1 

3 

R.  iplcadeoi 

10 

4 

7 

12 

6 

5 

7 

5 

3 

10 

3 

Rtugodiacn  tp.  1 

Rhagodiicux  >pp.  indcL 

R.  riKMnbicum 

1 

1 

ScBDpineUa  xpp. 

1 

1 

S.fo(iiU> 

SUBBOei 

1 

Slepbaaolicluoo  spp. 

12 

11 

9 

14 

20 

17 

25 

14 

7 

5 

3 

T.  iciadnen 

T.  cObo* 

1 

T.  daoorus 

5 

9 

14 

13 

11 

8 

10 

4 

4 

4 

Thoncoiphjcn  ipp. 

1 

T.  oucleodie 

4 

5 

6 

1 

11 

T.  phicdoiui 

VagaUpilU  spp. 

3 

2 

3 

1 

I 

3 

2 

W.  barnesae 

86 

90 

39 

23 

25 

32 

41 

28 

70 

56 

36 

W.  biporu 

I 

Z.  compaciiB 

Z.  lacuDalus 

Zygodiiciis  sp.  1 

4 

4 

5 

3 

2 

1 

5 

4 

UnideDariables 

7 

4 

14 

5 

3 

2 

7 

10 

10 

9 

Sum  fexcl.  M.  slauroDh.l 

1091.3 

990.5 

1088.7 

888.9 

981.1 

954.3 

1013.5 

1096,7 

987.4 

1018 

760.68 

Micuia  iiauiopbora 

79 

67 

116 

66 

69 

81 

60 

69 

38 

65 

82 

Sum  of  M.  staur.  oounti 

1170J 

1057.5 

1204.7 

954.9 

1050.1 

1035.3 

1073.5 

1165.7 

1025.4 

1083 

84X68 

Fields  o(  M.  slaur.  counli 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 
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33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

OOP  Hole  761B 

761  B 

761  B 

761  B 

761  B 

761  B 

761  B 

761  B 

761  B 

761  B 

761  B 

Coie>Sectiaa 

24-2 

24-3 

24-4 

24-4 

24-4 

24-4 

24-4 

24-4 

24-4 

24-4 

cn-lcvcl 

80 

80 

to 

31-32 

49-50 

70 

80 

90 

110 

130 

Ocplh(nbtf) 

201.00 

20230 

20330 

20331 

203.69 

203.90 

204.00 

204.10 

20430 

204 JO 

Age(Ma) 

70J68 

70358 

71.012 

71.053 

71.087 

71.128 

71.147 

71.167 

71305 

71.244 
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Stephmnlithioo  tpp. 

8 

3 

1 

1 

2 

13 

2 

2 

3 

TegttoKamm  aindneri 

1 

Teinpadathafadaa  deoonn 

IS 

8 

5 

3 

9 

16 

6 

6 

7 

Thotacnaphaeia  opeicttlau 

1 

Tnnoliifaua  aunimua 

6 

5 

2 

3 

1 

1 

7 

2 

Vagalapilla  app. 

3 

1 

2 

2 

8 

3 

3 

2 

Wattaaacfia  bameaae 

67 

75 

106 

% 

67 

114 

106 

119 

57 

W.bipona 

1 

Zygodiacoa  ooeapacnu 

%,  lacoaani 

3 

ZygodiaetB  ap.  1 

19 

3 

22 

10 

2 

3 

1 

7 

Uoideatifublc 

6 

1 

4 

4 

11 

7 

7 

5 

8 

SUM  <txci.  M.  atawoobonl 

760 

547 

684 

668 

783 

906 

696 

614 

749 

M.  auvopbon 

103 

115 

125 

124 

130 

87 

107 

85 

84 

Sum  of  M.  atauropbon  counb 

863 

662 

809 

792 

913 

993 

803 

699 

833 

Fieldi  of  M.  atauropbon  coudb 

20 

20 

20 

20 

20 

20 

20 

20 

20 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

DSDP  Hole  217 

217 

217 

217 

217 

217 

217 

217 

217 

217 

217 

CoR-Sectioo 

17-1 

17-1 

17-1 

17-1 

17-1 

17-1 

17-1 

17-2 

17-2 

17-2 

cm-level 

20-21 

40-41 

60-61 

80-81 

100-101 

120-121 

140-141 

ia-11 

30-31 

50-51 

Depth  (mbtf) 

421.20 

421.40 

421.60 

421.80 

422J)0 

422.20 

422.40 

42Z60 

42280 

423j00 

Age  (Me) 

66.413 

66.425 

66.438 

66.451 

66.463 

66.476 

66.489 

66.501 

66.514 

66827 

Sedimeaudoo  Rate  (m/m.y-) 

1S.81 

15.81 

15.81 

15.81 

15.81 

15J1 

15.81 

1581 

1581 

1581 

Caiboiule  cooieot  (weigfal-%) 

91J 

90.2 

n.d. 

n-d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

Piceeivatioa 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

Abuadaacc 

A 

A-C 

A 

A 

A 

A 

A 

A 

A 

A 

Fields  couDled 

40.0 

3ao 

20.0 

2ao 

20.0 

20.0 

20.0 

25.0 

20.0 

208 

mg  sedimeat  aud 

20.S 

203 

20.2 

2a9 

20.6 

20.4 

20.6 

2a6 

20.0 

208 

Atamaelleieila  octondiaa 

AifchaagelskiclU  spp. 

16 

20 

18 

14 

18 

5 

6 

2 

1 

2 

Biicutum  coastaas 

1 

1 

1 

B.  magonm 

B.  aotaculnm 

2 

2 

Biicatumsp.  1 

25 

4 

7 

1 

3 

3 

2 

5 

1 

Braiasooia  ipp. 

31 

21 

18 

9 

12 

8 

4 

8 

12 

10 

AtkhaagclskiclIa/BfoiBioiua 

1 

Centolilboidei  spi  cf.  C,  weuiem 

4 

2 

1 

2 

2 

ChiasKaygu  sp.  1 

1 

CofoUiihioa  comptctam 

1 

1 

Chiaslozygui  ip.  cf .  C  amphipom 

2 

Cribiaaphaeiclla(7)  daaiae 

S 

1 

2 

2 

1 

1 

Ciibfosphaeiella  ehieabeigii 

59 

42 

30 

24 

31 

19 

33 

19 

32 

26 

Cietsfhsbdus  aagusafontai 

7 

3 

8 

2 

1 

1 

6 

3 

3 

C  coaicia 

2 

1 

1 

1 

3 

1 

2 

CacDulana 

4 

1 

1 

3 

3 

4 

C  achiaobnehiatut 

1 

4 

1 

2 

1 

2 

Csariicllui 

8 

3 

1 

1 

2 

1 

Oeiathabdua  sppi  iadet 

61 

31 

37 

34 

42 

32 

39 

28 

35 

27 

Cyclageloaphacra  alta 

C  letaharddi 

1 

1 

Cyliadnlilfaut  biarcua 

C  gallicus 

9 

7 

2 

2 

3 

6 

8 

13 

8 

6 

C.  seirann 

1 

CylindraJiibus  sp.  1 

Cyliadralitbus  app.  iadet 

Discarhabdin  igaota 

12 

2 

6 

6 

3 

1 

5 

3 

3 

Eiffelliibm  enmius 

1 

E.  paiallclus 

5 

1 

1 

I 

2 

E  inbeculaiui 

3 

1 

1 

E  luniaciffUii 

29 

18 

21 

7 

7 

7 

14 

7 

20 

12 

Ericsoaiaap. 

10 

8 

2 

2 

4 

4 

8 

9 

7 

2 

Gaitacngo  spp 

1 

2 

2 

1 

2 

Glaukoliihus  feaaus 

36 

22 

25 

20 

37 

15 

17 

13 

21 

14 

Kamptaenui  aiagaificai 

1 

2 

1 

1 

1 

2 

LilhaadiBUi  app 

29 

IS 

3 

5 

7 

11 

8 

16 

13 

7 

Lilhiapfaidiica  caiaiolcaais 

2 

1 

1 

2 

1 

1 

E  gnasopeedastua 

1 

E  kcaaethii 

2 

1 

2 

E  pnequadnaa 

36 

17 

9 

10 

17 

14 

26 

11 

16 

14 

E  quadralua 

7 

2 

6 

3 

3 

3 

2 

3 

3 

2 

Lilhnphiditcs(7)  sp  1 

Eidaaorhabdu  cayenit 

Maaivilella  peaunaloidea 

1 

Matfcaliia  apenoa 

M.  iavenui 

Micfaffaabdulus  belgicua 

1 

M.  decoraius 

24 

23 

25 

17 

17 

21 

26 

17 

17 

19 

MicuU  ptaemunis 

Micola  munu 

10 

8 

11 

11 

17 

12 

13 

25 

14 

15 

MicuU  ip.  c(  M.  priasii 

5 

4 

1 

5 

4 

3 

4 

5 

7 

4 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

DSDP  Hole  217 

217 

217 

217 

217 

217 

217 

217 

217 

217 

217 

Con-Seclioo 

17-1 

17-1 

17-1 

17-1 

17-1 

17-1 

17-1 

17-2 

17-2 

17-2 

ciii>levei 

20-21 

40-41 

60-61 

80-81 

100-101 

120-121 

140-141 

10-11 

30-31 

50-51 

Depth  (mini) 

421.20 

421.40 

421.60 

421.80 

422.00 

422.20 

422.40 

42Z60 

422.80 

423j00 

Mkoialip 

4 

6 

2 

6 

2 

1 

1 

2 

2 

3 

NephiaUlbui  ficqueas 

19 

8 

9 

10 

7 

7 

3 

2 

2 

1 

Pethibdolilhni  embei  geii 

1 

1 

1 

P.iegateiii 

47 

22 

28 

13 

20 

47 

16 

36 

39 

PetmhMui  oopuietui 

Etieasygus  bauooi 

4 

3 

1 

1 

P.  CbolifanDis 

23 

14 

22 

20 

16 

11 

16 

IS 

20 

24 

P.  t^aoide* 

PboosygoitpL 

10 

6 

3 

4 

1 

3 

5 

2 

Predacaephaera  aikbaiigelskyi 

P.cietMee 

100 

62 

80 

58 

S3 

SO 

75 

54 

89 

58 

P.tpiaaca 

18 

5 

21 

2 

8 

4 

9 

2 

7 

8 

P-gnodii 

1 

1 

1 

2 

P.  ilowefi 

32 

11 

15 

16 

26 

10 

16 

19 

23 

14 

Quedrum  gafdieri 

1 

1 

Reiaherdlile*  ip  afi.  R.  aotbaphorus 

Reiaharddlei  levU 

Rhagodiicui  aapWtti 

2 

1 

R.  icniioimti 

4 

1 

R-tpleadeas 

Rhafoducuiip.  1 

Rhagodiicai  eppi  iodel 

1 

Scaapaaella  epp. 

1 

1 

Seapholittam  fouilis 

Stnroiiliiei  iaffioei 

Stephaaolilhioa  epp. 

7 

1 

1 

1 

2 

2 

TcgnnieomB  Madaeri 

TcKVyfhif^^fiT 

Tempodothabda  deoonn 

6 

4 

6 

2 

2 

3 

1 

4 

2 

Tboncoaphaea  ipp. 

2 

2 

3 

3 

1 

TraaoUdiai  aiadeodae 

16 

6 

3 

7 

1 

2 

6 

5 

3 

T.  phacclocus 

VtgaUpiUa  ipp. 

12 

1 

5 

1 

6 

I 

I 

2 

Watuauena  bameiae 

154 

87 

69 

70 

86 

101 

116 

122 

108 

61 

W.  bipoeu 

1 

2 

1 

1 

2 

1 

I 

Zygodijcua  compactus 

Z.  lacuuius 

1 

2 

1 

2 

2 

Zygodiacuiap.  1 

2 

3 

1 

2 

1 

Uaidenlifiable 

17 

3 

7 

10 

6 

3 

5 

5 

7 

5 

Sam  (excl.  M.  lUurODboral 

919 

507 

488 

414 

473 

395 

536 

455 

541 

396 

Mioila  aiaoioptaora 

84 

122 

57 

99 

93 

110 

86 

185 

99 

106 

Sum  of  M.  suorophoca  counu 

1003 

629 

545 

513 

566 

505 

622 

640 

640 

502 

Fielda  of  M.  auuioption  couna 

40.0 

30.0 

20.0 

200 

20.0 

20.0 

20.0 

25.0 

20.0 

20D 
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11 

12 

13 

14 

IS 

16 

17 

18 

19 

20 

21 

DSOP  Hole  217 

217 

217 

217 

217 

217 

217 

217 

217 

217 

217 

217 

Coie-Secliaa 

17-2 

17-2 

17-2 

17-2 

17-2 

17-3 

17-3 

17-3 

17-3 

17-3 

17-3 

cm-levcl 

70-71 

90-91 

110-111 

130-131 

149-150 

10.-11 

30-31 

50-51 

70-71 

90-91 

110-111 

Depth  (mbU) 

423l20 

423.40 

423^0 

423.80 

423.99 

424.10 

424J0 

424.50 

424.70 

424.90 

425.10 

Age  (Me) 

66J39 

66JS2 

66.564 

66J77 

66.589 

66.596 

66.609 

66.621 

66.634 

66.647 

66.659 

Sed.  Rele  (iii/ai.y.) 

15.81 

15.81 

15.81 

15.81 

15.81 

15.81 

15.81 

15.81 

15.81 

15.81 

15.81 

Cubooeie  (w|.%) 

B.d. 

n.d. 

ltd. 

D-d. 

n-d. 

D.d. 

o-d. 

n-d. 

o-d. 

B-d. 

n-d. 

PicMrvstioa 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

Abnaduce 

A 

A 

A 

A 

A 

A 

AA 

A 

A 

AA 

A 

FieMe  ootaied 

2ao 

30.0 

2ao 

mo 

2OJ0 

30.0 

2ao 

20.0 

20.0 

20.0 

200 

mg  irdhnml  need 

21.1 

21.5 

21.4 

20.1 

19.7 

20J 

21.2 

20J 

20.6 

20.6 

200 

A.  octoodiaii 

AifchaagetokielU  ipp. 

6 

5 

3 

1 

5 

3 

4 

2 

5 

10 

3 

Biscanan  cooMiBt 

1 

B.  magmm 

B. 

1 

Biicamm  tp.  1 

4 

1 

1 

Bfoimoaiaipp. 

3 

9 

4 

4 

6 

9 

10 

10 

10 

27 

8 

Arkhang^Bfoiiuaiiia 

C  cf  acoieiB 

ChieuacygiM  ip.  1 

1 

Ccompleium 

1 

C  cl  ampiupoai 

C(7)daotac 

1 

Cehtcabergii 

23 

14 

25 

25 

52 

34 

70 

47 

60 

48 

42 

C  eaguofonnii 

3 

1 

3 

5 

1 

2 

5 

2 

Ceoaiew 

1 

1 

1 

1 

1 

C  cieBalatm 

2 

1 

9 

4 

3 

4 

5 

3 

2 

2 

C  achtaobrachialui 

2 

1 

1 

2 

2 

2 

C  saifellui 

2 

Cictirhabd«B  spp.  iodet 

42 

22 

29 

47 

44 

37 

72 

40 

46 

56 

54 

Calm 

C  iciohuddi 

2 

1 

1 

C  biereui 

C.  gallicus 

2 

8 

2 

7 

1 

3 

4 

4 

6 

7 

4 

C  umiui 

1 

1 

Cylindmliitaus  ip.  1 

1 

1 

2 

1 

1 

1 

Cyliodnlittaui  ipp.  iodcL 

D.  igootui 

2 

1 

1 

1 

3 

2 

I 

5 

2 

E.  eximius 

E.  penllelui 

1 

1 

E  tnbeculalui 

1 

1 

1 

E  tuniiciffelii 

20 

10 

13 

13 

8 

11 

9 

7 

10 

12 

8 

EricMMiaip. 

2 

2 

4 

9 

6 

6 

5 

2 

4 

1 

Ganaengoipp 

G.  feeeui 

6 

9 

18 

7 

2 

12 

21 

IS 

IS 

20 

19 

K.  migiificm 

1 

1 

1 

LtihmniDui  spp. 

11 

18 

6 

10 

4 

15 

9 

5 

7 

5 

1 

E  canioieata 

2 

2 

2 

2 

3 

E  graaeopecanena 

E  keoaetbii 

1 

1 

1 

1 

1 

E  ptaeqtiadraiui 

10 

7 

14 

19 

6 

12 

12 

3 

8 

12 

21 

E  qoMinaa 

1 

4 

2 

3 

1 

2 

4 

2 

2 

5 

Littanpiiidila(7)  sp.  1 

Ecayeinii 

M.  pemmiloidea 

1 

2 

1 

3 

M.  apenui 

M.  ioveniB 

M  Meicia 

M.  deconut 

19 

9 

10 

16 

19 

51 

30 

17 

23 

17 

19 

M.  praeonaui 

M.  manu 

17 

24 

19 

22 

22 

24 

11 

23 

10 

18 

12 

M.  c(  pfinsii 

5 

6 

9 

8 

10 

12 

13 

7 

6 

4 

2 
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11 

12 

13 

14 

IS 

16 

17 

18 

19 

20 

21 

DSOPHok217 

217 

217 

217 

217 

217 

217 

217 

217 

217 

217 

217 

Coie-Sceliao 

17-2 

17-2 

17-2 

17-2 

17-2 

17-3 

17-3 

17-3 

17-3 

17-3 

17-3 

ciB>icwel 

70-71 

90-91 

110-111 

130-131 

149-150 

10.-11 

30-31 

50-51 

70-71 

90-91 

110-111 

Oe|ilh(mb>0 

42120 

42140 

423^60 

423.80 

423.99 

424.10 

424J0 

424.50 

424.70 

424.90 

425.10 

Mic«ia7tp 

4 

2 

4 

3 

6 

3 

N.  fni|wtt 

6 

1 

1 

1 

2 

P.  cobcvgcn 

1 

P.iegniaris 

26 

20 

33 

36 

24 

20 

39 

18 

24 

50 

22 

P.oofiriatai 

P.bonoai 

1 

2 

2 

1 

1 

2 

P.  fibnlifoimi* 

20 

14 

4 

7 

11 

12 

SO 

31 

24 

28 

35 

P.tigaaidei 

PlaeoBygoi  tpi 

3 

2 

5 

3 

3 

5 

10 

3 

2 

5 

1 

P.  tfUuBgetilcyi 

P.enacca 

6S 

67 

34 

102 

53 

75 

82 

70 

98 

102 

62 

P.tppou 

7 

4 

12 

6 

1 

10 

6 

3 

2 

P.  gnodis 

2 

S 

3 

6 

1 

1 

2 

4 

P.sioveh 

25 

9 

17 

16 

17 

14 

21 

17 

10 

21 

17 

Q.  guOMfi 

1 

2 

R.  iff.  anihaphonn 

R.levu 

1 

R-aagaua 

R.  leaifonu* 

R.>plca(teoi 

Rta*godiicui  tp.  1 

RhagodisciB  «ppi  iodet 

ScampuKlbipp. 

S.faiula 

S.teffillei 

StephaaolitlMe  ifip. 

T.Miadaeii 

1 

1 

T.eduoi 

T.  daeonn 

6 

1 

3 

4 

1 

4 

1 

1 

1 

Thoncoaphacn  tpp. 

1 

1 

1 

4 

1 

T.  Mclaodac 

3 

2 

1 

1 

1 

3 

1 

T.  plBoctaaus 

Vigilipilli  ipp. 

3 

2 

1 

1 

W.bwDeue 

93 

135 

83 

148 

95 

134 

118 

92 

81 

77 

81 

W.  btpona 

1 

1 

1 

Z-campuBOn 

Z.  Ucunaius 

3 

2 

3 

1 

1 

1 

Zygodiicw  ip.  1 

3 

3 

2 

1 

6 

3 

1 

3 

UodcadlUiic 

5 

3 

2 

4 

2 

6 

9 

5 

5 

11 

6 

Sub  (cxcI.  M.  sunr.) 

452 

4IS 

366 

550 

421 

534 

656 

442 

474 

562 

448 

MicuU  •uurophon 

108 

221 

144 

111 

113 

134 

91 

73 

82 

94 

88 

Sum  o(  M.  tuuf.  oouaa 

5«0 

636 

510 

661 

534 

668 

747 

515 

556 

656 

536 

Fieldi  of  M.  lUut.  couois 

20.0 

30.0 

20.0 

20.0 

2ao 

30.0 

20.0 

20.0 

2ao 

20.0 

20J0 
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22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

DSDP  Hole  217 

217 

217 

217 

217 

217 

217 

217 

217 

217 

217 

217 

Coie-Sedioa 

17-3 

17-3 

17-4 

17-4 

17-4 

17-4 

17-4 

17-4 

17-4 

18-2 

18-2 

cm-lewei 

130-131 

149-150 

20-21 

40-41 

60-61 

80-81 

100-101 

120-121 

140-141 

22 

40-42 

De|)lh(mi»<) 

42SJ0 

425.49 

425.70 

425.90 

426.10 

426.30 

426^ 

426.70 

426.90 

432.22 

432A0 

Age  (Me) 

66.672 

66.684 

66.697 

66.710 

66.723 

66.735 

66.748 

66.761 

66.773 

67.110 

67.m 

Sed.  Rate  (iiiAa.y.) 

13.81 

15.81 

15.81 

15.81 

15.81 

15.81 

15.81 

15.81 

15.81 

15.81 

ISJl 

CaiboaaM(wt-ll) 

B.d. 

a.d. 

a.d. 

n.d. 

o-d. 

n-d. 

n-d. 

n-d. 

n.d. 

O-d. 

nxL 

PieaenmioB 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

AfaoadaaGe 

A 

A 

A 

A-C 

C-A 

A-C 

A-C 

A 

A 

A 

A 

FieMicotmed 

2ao 

20X1 

200 

25X1 

30.0 

25.0 

200 

20.0 

25.0 

20.0 

20X1 

mgaedunettoaed 

207 

20.8 

21.1 

20.1 

202 

20.4 

208 

203 

19.8 

21.1 

21.2 

A.  octondiati 

1 

1 

Aikbaagelakiella  ipp. 

7 

3 

7 

4 

7 

7 

5 

4 

13 

3 

11 

1 

1 

1 

2 

D*  HlBgDBni 

B. 

1 

BiicanantiiL  1 

2 

1 

2 

1 

1 

BroiowMia  ipp. 

18 

13 

13 

20 

IS 

3 

16 

12 

34 

13 

14 

Afkhaag^Bfoinaooia 

C  cf  acnieu 

13 

12 

ChiaHocygm  tp.  1 

CoompleCBiB 

C  c£.  amiihiponi 

C(7)duiae 

1 

C  ebnabctgii 

46 

27 

28 
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9 

2 

8 

Q.  gertaen 

1 

1 

R.  efi.  aottaopbonts 

R.  tevis 

-) 

1 

1 

R.  aagutnu 

1 

1 

•y 

1 

R.  icatlonnu 

1 

1 

2 

1 

1 

1 

1 

R.  ipleiideiis 

2 

5 

1 

4 

1 

3 

4 

Rhagodiiciti  >p.  1 

Rhegoducm  ipp.  lodet 

4 

ScanpenelU  epp. 

S.  (ottilu 

S.  UfCOei 

1 

Stephaaoliihioo  >pp. 

1 

1 

1 

1 

1 

6 

T.  itndnen 

1 

1 

T.  eilnoi 

T.  deoona 

2 

1 

5 

3 

2 

7 

-» 

1 

2 

Tboiacasphjen  ipp. 

1 

1 

3 

2 

T.  mjdeodje 

1 

1 

1 

T.  pbacclaein 

1 

1 

VigaUpiUi  tpp. 

1 

2 

1 

2 

1 

3 

1 

4 

W.  beiaeeac 

116 

80 

99 

116 

110 

S3 

94 

135 

125 

100 

W.  bipocu 

3 

2 

2 

Z.  compecna 

Z-  lecunanu 

1 

3 

3 

2 

4 

ZygoduciB  ip.  1 

1 

1 

UoKteadrublc 

6 

6 

5 

9 

5 

2 

9 

5 

5 

6 

13 

Sum  (end.  M.  iUur.) 

42S 

516 

454 

550 

527 

563 

520 

450 

453 

468 

640 

MicuU  tuuropbof  j 

145 

95 

104 

86 

100 

100 

81 

94 

78 

128 

72 

Stun  o(  M.  tUtf.  oouott 

570 

610 

538 

636 

627 

(S63 

601 

544 

531 

596 

712 

Ficl<b  of  M.  iiauTi  counts 

20.0 

20.0 

20.0 

20.0 

200 

20.0 

200 

20.0 

20.0 

38.0 

200 
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SS 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

DSDP  Hole  217 

217 

217 

217 

217 

217 

217 

217 

217 

217 

217 

217 

Coic-Seclioa 

20-4 

20.4 

20.4 

20-4 

205 

205 

21-2 

21-4 

22-1 

22-3 

23-2 

cm-level 

30 

39.40 

59-60 

8051 

99-100 

119-im 

32-34 

15-17 

56-57 

32-33 

64-65 

Depth  (mini) 

4S4J0 

454.39 

45459 

45450 

454.99 

455.19 

46a82 

463.65 

469.06 

47152 

480.14 

Age(Ma) 

68J06 

68J12 

68525 

68538 

68.550 

68563 

68.919 

69.098 

69.440 

69.614 

70.141 

Sed.  Rate  (mAn-y.) 

15.81 

15.81 

1551 

1551 

1551 

1551 

15.81 

15.81 

15.81 

1551 

1551 

Caitx>naie(wl-%) 

ad. 

ad. 

ad. 

ad. 

ad. 

n.d. 

ad. 

n.d. 

ad. 

ad. 

ad. 

Pmeivatioo 

M 

M 

M-P 

M 

M 

M 

M 

M 

M 

M-P 

M 

Abuadiace 

A 

A 

A.C 

A 

A 

A 

A 

A-AA 

A 

A 

A 

Fietdi  ooaaied 

2ao 

20.0 

3ao 

mo 

mo 

22.0 

mo 

20.0 

m.o 

mo 

215 

mg  udimenl  ocd 

20.5 

20.0 

20.4 

20J 

m3 

m6 

215 

215 

m9 

21.4 

215 

A-octondiau 

4 

16 

2 

3 

1 

m 

4 

7 

Aifchaagelikiella  ipp. 

8 

23 

26 

18 

5 

24 

20 

10 

28 

15 

8 

Biacutum  *^*^*****«** 

57 

17 

26 

17 

16 

23 

49 

36 

44 

20 

45 

B.  Dtagmim 

B. 

1 

I 

1 

2 

1 

Biacutum  ip.  1 

4 

9 

1 

5 

3 

5 

4 

3 

3 

5 

5 

BioiiaoBia  app. 

17 

5 

8 

2 

8 

10 

10 

19 

11 

4 

1 

Athhaag^Braiiuoau 

CcfaculeiB 

12 

25 

35 

13 

24 

24 

35 

24 

34 

31 

3 

Chiaalozygui  ap  1 
Ccompteium 

1 

1 

C  cL  amphipona 
C.(7)daaiae 

C.  efaKubergii 

17 

43 

18 

28 

31 

23 

21 

19 

26 

20 

18 

C  anguanCocaiua 

3 

7 

3 

8 

3 

3 

4 

3 

4 

12 

5 

C  eouicua 

2 

4 

1 

I 

C  acanlaiua 

1 

1 

1 

1 

1 

C  achnobtachiatui 

1 

2 

2 

CauiiicUui 

2 

3 

1 

Cieuthhbdua  app  iadeL 

37 

45 

30 

42 

45 

42 

38 

47 

54 

39 

33 

Calia 

1 

1 

1 

C  reiuhitdtii 

1 

1 

1 

3 

2 

3 

2 

C  biarcui 

13 

3 

C  gaUicua 

3 

2 

1 

2 

2 

3 

C  aenatiB 

6 

6 

2 

Cyliadmliitaua  ap.  1 
Cylindraliibua  app  iudeL 

1 

1 

0.  igoolua 

E.  eximiua 

14 

25 

4 

24 

35 

14 

23 

37 

44 

22 

17 

E.  paralletua 

3 

3 

3 

1 

3 

9 

2 

1 

E.  trahemlnua 

1 

2 

1 

1 

4 

1 

E.  tumaeifielii 

9 

12 

7 

15 

23 

22 

14 

29 

26 

16 

Ehcaooaaap 

CaitDcngoapp 

5 

6 

1 

2 

1 

2 

1 

3 

6 

G.  leiaua 

3 

3 

6 

10 

7 

14 

1 

2 

11 

6 

4 

K.  magaificut 

1 

2 

2 

4 

6 

2 

3 

P 

P 

Lithaatnaa  app. 

5 

3 

3 

4 

6 

6 

4 

5 

5 

6 

6 

U  canuotouau 

4 

11 

12 

9 

8 

4 

1 

10 

5 

2 

1.  groaaopaclaalua 

L  Iriaatihii 

U  ptieqiiathanu 

L  qnadraM 
Lilhiap>idilaa(7)  ap  1 

L.  caycuiii 

1 

10 

2 

6 

8 

9 

y 

9 

1 

1 

M.  pcBaaKMdea 

1 

1 

1 

1 

1 

1 

3 

M.  apartua 

M.  iawana 

M.  baigtca 

M.  daooaaam 

38 

46 

62 

49 

28 

"'7 

1 

30 

19 

46 

M.piaaama 

M.  cl  pnaati 

1 

1 

2 
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SS 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

DSOPHolc217 

217 

217 

217 

217 

217 

217 

217 

217 

217 

217 

217 

Coic-Sectioa 

20-4 

20-4 

20-4 

20-4 

20-4 

20-4 

21-2 

21-4 

22-1 

22-3 

23-2 

cm-levct 

30 

39-40 

59-60 

80-81 

99-100 

119-120 

32-34 

15-17 

56-57 

32-33 

64-65 

Dq)th(mbil) 

4S4J0 

454.39 

4S459 

454.80 

454.99 

455.19 

46a82 

463.65 

469.06 

471.82 

480.14 

Micai>7ip 

N.  fieqtieu 

1 

1 

1 

2 

1 

4 

1 

P.  cfflbergeri 

1 

P.  Kgolaiu 

28 

25 

13 

25 

22 

24 

48 

60 

19 

19 

17 

P.oopolaliB 

2 

1 

P 

1 

P.banoai 

2 

1 

4 

3 

P.  Gbulifotmis 

11 

30 

*  5 

27 

17 

20 

11 

12 

18 

7 

31 

P.  sigmoida 

1 

1 

Pliecgygui  »p^ 

2 

5 

4 

13 

3 

6 

3 

10 

5 

1 

3 

P.  atkfaangekkyi 

P.cteacei 

66 

89 

32 

64 

50 

67 

69 

125 

97 

82 

80 

P.ipiDOU 

2 

9 

4 

7 

4 

4 

9 

6 

7 

5 

11 

P.  goadis 

2 

2 

4 

P.ikivcn 

5 

8 

3 

7 

8 

9 

2 

11 

11 

7 

10 

Q.gifineri 

R.  >S.  tatbopbofui 

1 

P 

R.levu 

1 

R.  anguuia 

2 

1 

1 

4 

1 

2 

1 

R-  lenitafmii 

2 

1 

1 

1 

4 

R.  ipieadcm 

2 

6 

1 

7 

1 

2 

1 

8 

2 

Rhagodiiaa  ip^  1 

2 

2 

Rlugodiiaa  tppi  iodel 

3 

2 

ScuapaadU  ipp. 

1 

S.foMilii 

1 

SUOiflei 

1 

Slepiuitaliibioa  «pp. 

7 

2 

1 

2 

1 

2 

T.ioadaeri 

1 

T.  cdaaoi 

1 

T.  dsoorui 

2 

1 

4 

2 

1 

2 

5 

8 

1 

2 

Thoncoipiiacri  ipp. 

1 

1 

3 

3 

10 

1 

1 

1 

T.  nucleodae 

2 

1 

2 

2 

1 

T.  phiceiaiui 

1 

1 

VigaUpilU  «pp. 

1 

1 

1 

1 

W.bannae 

130 

114 

56 

93 

68 

79 

89 

101 

101 

113 

38 

W.  biporu 

2 

1 

I 

1 

Z.  compactia 

Z.  Ucuaann 

1 

1 

1 

1 

1 

2 

P 

1 

ZygodiKui  tp.  1 

1 

3 

4 

2 

3 

2 

2 

2 

Uaideaiiiiabic 

2 

9 

4 

7 

16 

4 

6 

8 

23 

5 

3 

Sua  (cxcl.  M.  tuw.l 

498 

624 

379 

548 

472 

505 

525 

648 

689 

519 

442 

Mioila  Manrapbora 

82 

79 

144 

72 

64 

83 

97 

60 

39 

81 

78 

Sum  o(  M.  ilaia.  oouaa 

576 

703 

523 

620 

536 

588 

621 

708 

728 

598 

520 

Fiddi  o(  M.  ilaur.  couatt 

2ao 

20.0 

30.0 

20.0 

20.0 

22.0 

20.0 

20.0 

20.0 

20.0 

210 

277 


66 

67 

68 

OSDP  Hole  217 

217 

217 

217 

Coic-Seclioa 

23-4 

24-2 

24-4 

cm-levcl 

53-54 

51-53 

32-33 

Depili  (mbtf) 

483.03 

489.51 

49232 

Age(Ma) 

70.323 

70.733 

70.911 

Sed.  Rile 

15.81 

15.81 

15.81 

CaibooalB  (wt>%) 

iLd. 

n.d. 

86.7 

PteaerviiioB 

M 

M-P 

M-P 

Abuadancc 

A 

A 

A 

Fields  eonoied 

2ao 

21.0 

2ao 

mg  sediDem  used 

20.9 

21.6 

213 

A-ociondiaa 

10 

17 

9 

AfkhsngeltkielU  spp. 

15 

16 

10 

16 

8 

16 

B.  migBUffl 

1 

1 

B.  ooucalitm 

2 

1 

Biscuramsp.  1 

5 

8 

15 

Broiiiioiiia  spp. 

5 

7 

2 

AiUuag^BroiBsoau 

C  cfeculciB 

2 

8 

5 

Chisslozygm  tp.  1 

C  compicium 

C  cL  amphipou 

C{?)duuae 

C  ehreabergii 

30 

24 

19 

C.  aaguiiifoatm 

8 

4 

5 

Ccoaicus 

3 

1 

C  creaulaius 

C  sduxobfachiatus 

Csurifcllu 

Oeufkabdus  tppi  indei 

24 

31 

20 

Calm 

1 

C  iciohaidtii 

1 

1 

C  biaicm 

7 

3 

C  gaUicut 

C  sciraiui 

1 

Cyliadraliihus  sp.  1 

1 

CyliadnliibiB  spp.  mdcL 

1 

4 

D.  igaonis 

E.  UUDIUS 

41 

30 

47 

E-  pantlclus 

1 

1 

3 

E.  mbecnlsflis 

2 

2 

E.  lurhseifleUi 

10 

20 

32 

Eiicsooiasp. 

2 

1 

CailBcngo  spp 

2 

G.fetsus 

7 

8 

12 

K.  magmOctts 

1 

Liihasniovs  spp 

9 

5 

5 

L.  canrioleaais 

3 

5 

7 

L.  grassopemmanis 

1  -  kcowcbii 

L  pcaeqimifcansi 

1 

1 

L.  qoMtatus 

Lilhnpbidilas(7)  sp  1 

1.  caycuaii 

M.  pemmalaidea 

M.  apcrtus 

M.  iovcnus 

M.  bdgKui 

M.  daeocaais 

55 

5 

38 

M.  ptaemuns 

M.  munis 

M.  d  pnasii 
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66 

67 

68 

DSDP  Hole  217 

217 

217 

217 

Coie-Sectioa 

23-4 

24-2 

24-4 

cm-level 

53-54 

51-53 

32-33 

Depth  (mbaf) 

483.03 

489.51 

492J2 

MicBla7sp 

N.  (nquciii 

P-embcrgeri 

P.  regnlaiii 

18 

28 

28 

P.  copoianti 

1 

P.bnuooi 

1 

P.  fifaulifonnu 

15 

22 

■  22 

P-aigmoidct 

PbMzygiMtp. 

3 

3 

4 

P.  iikhangelikyi 

1 

P.crelMea 

55 

95 

88 

P-spiooea 

14 

8 

15 

P-  gnodia 

2 

3 

4 

P.aloveh 

3 

18 

15 

Q.  garaen 

R- aQ.  ambopbonu 

4 

R.  levia 

4 

R.  aaguaiua 

1 

1 

R.  letiiibfmit 

1 

1 

R-  apleadeoa 

2 

2 

5 

Rhagodiactn  ap.  1 

Rhagodiacua  app.  indel 

Scaapanella  app. 

S.  foaailia 

S.taffiaei 

Siephaaolittaioa  app. 

T.  aiadach 

T.  elhmaa 

1 

T.  deoaraa 

4 

1 

6 

Thoncoaphaen  app. 

T.  macleodac 

2 

T.  phaceloeua 

1 

2 

VagaUpiUa  app. 

3 

6 

1 

W.  baraeaac 

48 

33 

58 

W.  biporu 

1 

Z.  compaciui 

1 

3 

6 

Z.  Ucuoann 

1 

1 

Zygodiacita  ap.  1 

2 

Uudeahnablc 

7 

7 

8 

Sia  fcacl.  M.  aUur.l 

437 

446 

531 

Mioda  auufophora 

66 

93 

100 

Sun  of  M.  auuf.  oouna 

503 

539 

631 

Ficlda  of  M.  auut.  counta 

20.0 

21.0 

2ao 
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16.  Abstract  (Limit:  200  words) 

Well  preserved  late  Cretaceous  (Maestrichtian)  nannoplankton  assemblages  from  high  southern  and  mid-latitudes  were 
investigated  to  delineate  paleoenvironmental  conditions  in  the  marine  photic  zone  prior  to  the  Cretaceous/Paleocene  boundary.  A 
pronounced  turnover  from  early  to  late  Maestrichtian  occurred  in  high  southern  latitudes  with  about  one  third  of  the  early 
Maestrichtian  nannoplankton  species  becoming  extinct  around  the  early/late  Maestrichtian  boundary  (-72.4-70.4  Ma).  These 
extinctions  are  not  a  consequence  of  temperature  decrease  alone  but  also  of  increased  surface  water  fertility.  Another  third  of  all 
species  disappeared  from  high  southern  latitudes  during  the  same  time  interval  but  persisted  until  the  end  of  the  Maestrichtian  at 
lower  latitudes.  This  is  interpreted  as  a  consequence  of  global  cooling  as  indicated  by  the  isotopic  record.  Abundance  increases  of 
certain  high  latitude  taxa  (e.g.  Nephrolithus  frequens,  Cribrosphaerella?  daniae,  Kamptnerius  magnificus,  and  Gartnerago  spp.) 
in  the  Southern  Ocean  correlate  roughly  with  decreasing  temperature  while  abundance  changes  of  others  (e.g.  Ahmuellerella 
octoradiata)  do  not,  indicating  that  latitudinal  biogeographic  patterns  do  not  necessarily  reflect  temperature  differences.  During  the 
last  500  ky  of  the  Maestrichtian  high  abundance  fluctuations  occurred  in  a  few  taxa  in  the  South  Atlantic  and  Southern  Oceans. 
However,  no  such  fluctuations  seem  to  have  occurred  during  the  same  time  in  the  Indian  Ocean.  There  is  no  evidence  for  gradual  or 
stepwise  extinctions  of  nannoplankton  during  the  late  Maestrichtian. 
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